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INTRODUCTION

The US Navy is currently developing prototype garment ensembles which will provide
integrated protection against chemical agents, hypertheia, hypothermia, hypobaria and high-
acceleration forces. As part of the development process, these garments must be tested to
determine their ability to provide such integrated protection. As a supplement to manikin and
human subject testing, mathematical modeling can be used to simulate thermal conditions
considered too hazardous for human testing. It can also be used to establish guidelines on the
amounts of clothing insulation necessary to permit exposures based on USN requirements.

The following document reports on studies using the Texas Human Thermal Model9
(referred to as the Model, below). This effort has included three tasks. The first involved
translating and modifying the original FORTRAN program to operate in the Macintosh
Programme's Workshop environment and to allow computations involving extremely low CLO
values. The second task was to validate Model performance by comparing its predictions to
human rectal (T.) and skin (Ts) temperature measurements obtained during cold water
immersions (CWI). In the thirdphase, a sensitivity analysis of the Model parameters pertaining to
CWI survival scenarios was performed.

I. PROGRAM MODIFICATIONS

A. Program Description

The following description is detailed in the Model documentation provided by its
author, Dr. Eugene H. Wissler of the University of Texas at Austin1 0. The Model is a one-
dimensional transient-state model which computes thermal, cardiovascular, respiratory and
metabolic changes that occur during a selected period of time, given initial values for all
dependent variables and specification of independent variables. The human form is divided into
15 major segments including head, chest, abdomen and each leg and arm composed of three
segments each. The following variables are computed at ten second intervals for each segment:

Time-dependent computed variableslO:

Temperatures at 15 radial points within each of the 15 body elements;
Arterial and venous blood temperatures within each element;
Local perfusion rate at each radial node;
Metabolic rate at each node owing to resting metabolism, exercise and shivering;
Oxygen, carbon dioxide and lactate concentrations in tissue and blood at each radial node;
Regional rates of sweat production;
Rate of sweat evaporation, which may be less than the rate of sweat secretion;
Ventilation rate;
Temperatures at up to six additional radial points within clothing;
Amount of accumulated sweat at each clothing node;
Rate of heat transfer between exposed surfaces and the environment owing to convection

and radiation.

Specified parametersl°:

Subject weight and mean skinfold thickness, or regional subcutaneous fat thicknesses;
Thermal resistance and permeability for water vapor of clothing on each body element;
Resting and total metabolic rates (exclusive of shivering);
Environmental conditions, including dry-bulb temperature, humidity, radiant flux and wind

speed for a gas or temperature and fluid speed for a liquid.

I
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B. Motivation

The Model required modifications for use in investigating thermal responses to
CWI with clothing having wet CLO values below 0.1. For example, most of the current and
prototype TacAir garments have such low wet CLO values. During the course of these
programmatic changes a number of other enhancements were added.

C. Modifications

1. In order to implement these changes, the original FORTRAN code was
translated into Language Systems FORTRANO version 3.0, developed using the Macintosh
Developers Workshop9 (MPW) environment for use with the Apple Macintosh IUxTK computer
(Language Systems Corporation, 441 Carlisle Drive, Herndon, VA 22070). The following were
the changes required to operate in this environment.

a. Logical units were changed so that inputs are handled through Unit 5,
screen output through Unit 6 and printing through Unit 9.

b. External file access now employs the standard Macintosh file
input/output interface which permits the user to select the "Start" file of their choice. (The "Start"
file specifies the data file names used during program execution). If file input/output errors
occurred, a context-specific error message would be displayed to the user.

c. Formatted outputs to files and for printing have been reconstructed to
fit standard 8.5" x 11" portrait formatted sheets and now include headings logically describing the
numerical data. All temperature outputs are now reported in Centigrade.

2. To increase code efficiency and readability, unused code segments and variables
declared but not used were removed, thereby freeing memory resources. Relatively slow code
structures, such as "IF-THEN-ELSE", were replaced with faster ones, such as "CASE SELECT."
As a benchmark, modelling a 1 minute thermal exposure now requires 4 to 5 seconds of
computational time which includes data output to the screen, (i.e. a 6 hour CWI can be modelled
in about 29 minutes) an improvement of about 450%. Program code has been segregated into
logical segments which are used by the Macintosh Memory Manager to load/unload resources as
necessary. This increased memory use efficiency. The program has been extensively commented,
with descriptions of variables and module functions.

3. The original Model would continue to operate unless a predefined time limit
was reached or arterial temperature reached 32.50C. After 500/a of the maximum aerobic
capability of the modeled "human" was exhausted, the Model began anaerobic metabolism and
lactic acid began to accumulate. This continped until the subject reached metabolic fatigue and
shivering stopped. At this point, central (3ra element of the head segment), and arterial •
temperatures increased, causing a "hump" in these curves. All Model predictions at this point and
beyond are unreliable. However, the program would continue computations beyond this point.
Note that if a user only monitored rectal or mean skin temperature estimates, they would be
unaware that fatigue had been reached. The Model has been modified to check for this rise in
arterial temperature at which point it ceases computations and informs the user that the Model has
"reached a metabolic fatigue limit." This check begins after arterial temperature drops to 35.50C
and was inserted into the code just prior to the 32.50C check.

4. Each of the Model's body segments contained fifteen radial nodes which
described the various physical properties associated with that segment. These radial nodes were
further subdivided into eight segments each. The physical arrangement of these radial nodes was
described by spacing variables associated with each of the property nodes. In its original form,

2
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use of CLO values lower than 0.04 in the subroutine which determined the heat transfer
coefficient values for immersion conditions ("SuitW") caused the program to enter an endless
iteration loop. This was caused by the spacing variable "H(i,6)" becoming a negative value.
H(i,6) refers to the sixth segment of the ji radial node (where i I to 15). To fix this problem,
two modifications were required. First, a test was done for CLO values equal to or less than
0.029. If this was the case, then clothing type was changed to "NUDE" and computations were
performed using the *NUDE" section in SuitW. If CLO = 0.03, then H(,6) was set equal to its
absolute value (0.0000044) and allow processing to continue in the "THIN" section of subroutine
SuitW. ("Thin" refers to a Thinsulate dry suit for use during immersion in water). These changes
provided results consistent with theoretical projections of the Model and manikin CLO data
results.

5. The subroutine which determined garment parameters in gas environments is
called "SuitG." The program has a series of garments which are predefined in subroutines SuitW
and SuitG. For example, it was not easy to predict the degree of thermal loading associated with
wearing anti-exposure garments in a warm environment. In the case in which a garment was not
previously defined, SuitG will now check for garment information as defined in SuitW. If a match
is not found, then a suit definition file can be chosen through the standard Macintosh input/output
interface window.

6. It was found that if a scenario was constructed in which a subject would
undergo two or more different conditions during the same run that certain inconsistencies would
arise. Similar problems would also arise when running multiple independent exposures. These
effects would be propagated through the next portion of the scenario and bias the results. The
code now includes the subroutine "INIT" in which all necessary variables are reset to their initial
state prior to entering the next condition.

7. Various internal arrays and printing variables have been reformatted to increase
the number of thermal and other parameters available as outputs from 75 to 120. An additional
output data file has been created in which the user can select specific temperatures or other
parameters to be saved in a format that can be easily and directly imported into Macintosh or
DOS data analysis programs.

8. Future plans include modifying the user interface to conform to Apple
Macintosh standards. This includes menu driven program selections, window input/output
structures and Macintosh Event driven program structure in place of the traditional FORTRAN
top-down format. Combined, these changes will improve user ability to run simulations and enter
control variables from a single program. Currently a separate editor program must be used along
with the Model itself.

3
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Texas Human Thermal Model Validation Study

I. APPROACH

A working definition for human model "validation" is to determine if its mathematical
predictions follow actual overall physiologic trends reasonably (e.g. relative changes over time are
similar to actual data). In order to validate the Texas Human Thermal Model, thermal data
obtained from human volunteers immen, sed in cold water were compared to Model predictions.
This information, including subject weight, mean skinfold thickness and the environmental
conditions, were obtained from four unrelated cold water survival garment assessments (Pelapu)
performed by the Finnish Institute of Occupation Health. These were referred to below as P 13 ,
P24, P45 and P56. During these assessments, T and various skin temperatures were recordedusing thermistors at 5, 10 or 15 minute intervals'"6. The first three studies lasted a maximum ofsix hours and the latter study lasted two hours. Immersions were terminated prematurely when
hand or foot temperatures fell below 100C, subjects complained of cold pain, cardiac irregularities
occurred or if Tre fell below 3 5OC. Only two of the immersions were reported to have been
terminated due to the latter condition. A total of 29 male and 13 female volunteers participated in
these studies while wearing one of eleven different clothing ensembles.

These parameters and estimates of the garment CLO values1,7 were used by the Model tocompute T,, and various body segment T~k for a period identical to the actual subject's immersiontime and output using the same sampling interval. These predictions were plotted, compared to
the actual temperature data and statistical tests of significance were performed. Environmental
conditions and subject physical characteristics were matched in the simulation as closely as
possible.

Assumptions

1. It was assumed that the test subjects were relaxed, floating head-out in the cold water
with their heads covered. For all simulation runs, the Model subject was placed in a relaxed
sitting posture. Under these conditions, it was assumed that air temperature was not a factor. It
was postulated that an exercise metabolic rate of I watt and a basal metabolic rate of 100 wattapproximated the actual human rates. Relative humidity was 100% and air pressure was 760 torr
(actual tests were conducted at sea level). Water temperatures and wind speed used in the Model
matched the actual conditions.

2. Starting segment temperatures as predicted by the Model were very consistent for agiven clothing ensemble regardless of the individual's physical characteristics. In fact, there was
little flexibility that a user of the Model could employ to tailor these predictions to fit a particular
set of human physical characteristics. While determinations of the "goodness of fit" of the
predictions with respect to the actual data were conducted on the initial and final (end of CWI)
temperatures, calculations based upon the relative change in temperature from the start of the
CWI as well as the shape of the temperature curves over time were used to provide the best
estimate of the "validity" of the Model.

3. The Model has only one "standard" human; which was male. As such, male and femaledata could only be treated the same - when statistical differences were demonstrated, such datawere not pooled. For example, weight and mean skinfold thickness (MST) measurements were
typically quite different between the sexes, with females displaying a higher MST than males.

4. Human temperatures were measured at specific spots on the skin whereas the Modelcomputed a weighted distributed temperature based on the overall volume of a body segment
(basically modeled as a cylinder). In the analysis below, it was assumed that these two
temperatures were comparable.

4
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5. Garment CLO values used in the simulation were from the US Navy CWU-62/P (for
Gore-Tex Over Water Flight Suit - P5)1 and the CWU-60/P 7 ensemble (for all other anti-
exposure suits) since the actual tested garment ensemble CLO values were not available. The
62/P was used since it is constructed of the same fabric as that used in P5. The 60/P was chosen
because it is a closed cell neoprene dry suit with an attached hood and is constructed in a similar
fashion to the suits used in P1I, P2 and P4. It was assumed that these values were comparable to
the actual suits tested.

H. ANALYSIS

A. For each data set, information was separated in teims of suit worn and sex of the
subject for comparison purposes. Sex differences between subject responses and Model
predictions were analyzed. In all cases, the following information was calculated or plotted:

I. Immersion time (minutes)
2. Ti: initial temperature (0C)
3. Tin: final temperature at end of immersion (0c)
4. Difference between subject and Model T1
5. Difference between subject and Model Tfn
6. Overall change in temperature (Tfn-Ti): AT
7. Plots of raw temperature data for human and Model data versus immersion

time (t)
8. Plots of change in temperatures (adjusted so that at t=0, Ti = 0) for all human

and Model data curves versus immersion time
9. Description of curve type and subjective assessment of curve morphological

agreement
10. Model predicted an initial rise in Tre: a) time to peak, b) magnitude of peak,

and c) duration of rise were measured
11. Slope of sigmoidal fall of Tre, calculated from the end of the initial rise (or the

point at which temperature started falling if subject data had no peak) to
beginning of the plateau (units of "C/min)

12. For body segment temperatures exhibiting exponential declines upon
immersion (e.g. thigh, abdomen): a) time was measured from the start to
plateau (the first and last 10% of the overall value disregarded) and b) the
associated drop in magnitude (0C)

13. Means and standard deviations were computed with respect to suit type and
gender for statistical analyses.

B. Statistical Analysis

Two way unpaired t-tests were performed to test the "goodness of fit" of Model
predictions as well as to determine if some of the assumptions made were not statistically
significant. These tests included comparisons of the mean actual and mean predicted initial
temperatures, final temperatures and AT, slope of Tre and exponential characteristics of abdominal
and thigh temperatures. Tests were performed to determine effects of suit type and sex (for P1,
P2 and P4). Statistical significance was set at the 0.05 level. Tests were run using NCSS, version
5.02.

C. CLO Values

1. Model predictions for P 1, P2 and P4 were run using immersed CLO values
from the CWU-60/P or "Imperial" suit. P5 comparisons were performed using CWU-62/P (USN

5
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anti-exposure ensemble with USAF helmet) CLO values. (The USAF helmet was the default
helmet used in the Model). The CLO values were:

Suit: -IChest IAbdomen IHead IArm IHand ILe-s JFoot-
-CWU-60/P i 1.53 1 2.69 1 0.77 1 1.08 1 0.90 1 1.11 1 1.23 1

SCWU-62/P1 0.77 1 0.77 1 4.16 1 0.13 1 0.03 1 0.60 1 0.48 1

D. Human Data Set Description and Data Organization

1. P1:

This data set included TM, abdominal (Tabd), hand (Th)and foot (Tf)
temperatures measured from fifteen males and six females during six hour CWI (see Table 1 for
suits worn, physical characteristics and environmental conditions). Garment ensembles included
the NORD 15 (nylon textile coated suit with neoprene), the Helly Hansen (polyurethane covered
nylon textile), the Bayley Featherlite (closed cell Featherlite material), the Liukko (PVC coated
100% polyester cloth on both sides), the Imperial (5090 gm closed cell neoprene), the Fitz-Wright
(5510 gm closed cell neoprene) and the URSUIT (4600 gmn closed cell neoprene). Analysis of the
ATr, initial Tre and final Tre indicated that there was no statistical difference between the seven
suits. Therefore, subject data was pooled regardless of suit type and organized for analysis into
four groups: individuals completing a) 6 hour immersions (split into two subgroups of 5 males,
P1-6m, and 5 females, P1-6f, each), b) 4 to 5 hours (4 males, P1-5) and c) 3 to 4 hours (4 males,
P1-4). Two males (immersed less than 180 minutes) and one female (immersed 4 to 5 hours)
were not included in the statistical analysis because they were significantly different from the
others. Analysis of these individuals alone would have required three additional groups of one -
insufficient power to perform statistical tests. Skin temperature of the extremities c- back
reaching 1 0oC (subjects 5,9,11,12,14,15,16,18,20), cold pain (subject 2 1) or heart beat
irregularity (subject 10) were reasons for failure to complete the full six hours.

2. P2:

The P2 data set included T.., Th, Tf, thigh (TO, arm (Tam), chest (Tc) and
calf (Ta) temperatures measured from five males and five females during six hour CWI (see Table
1). Garment ensembles included the closed cell neoprene URSUIT 5001 and RUJKKA 8380.
Analysis of the AT, T- and Tfn indicated that for the male chest and female hand there were
statistical differences between the suits. There were also some other isolated gender differences.
Therefore, except for the aforementioned body segments, the data set was separated in terms of
sex (males: P2-m; females: P2-f) and pooled in terms of suit type prior to comparisons between
estimated and actual temperatures. It was not possible to further subdivide the subjects into
groups based on total immersion times due to low numbers. Subjects 9, 10 and 11 completed
their immersions, subjects 13, 14, 15 and 16 completed 5 hours, subject 17 completed 4 hours and
subject 8 completed 3 hours. Those not finishing six hours ended their immersions due to
subjective reasons.

3. P4:

This data set included Tre, Tabd, TI, Tain, Th, Tcf and shoulder (To)
temperatures measured from three males and two females durng six hour CWI while wearing a
Bayley Immersion Suit (see Table 1). Foot temperature was also recorded, but thermistor probes
failed for three of five subjects so data analysis did not include the feet. None of the subjects
completed the total immersion period. Subjects 2, 3 and 4 ended their immersions due to cold
foot pain while the other subjects were taken out of the water because their Tre reached 350C.

6
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Since the Model includes in its chest segment an area including the shoulder, these two
temperatures were compared. Except for the actual final and AT of hand temperatures and
starting arm temperature, there were no statistically significant differences based on sex.
Therefore, except for these instances, data was pooled prior to data processing.

4. P5:

T Ta' , T Tcf and Tf measured from six males during two hour CWI while
wearing a Gore-Tex Over Water Flight Suit were included in P5 (see Table 1). Only subject 6
completed two hours while the others completed between one and two hours and ended their runs
due to subjective reasons. Subject data was pooled for statistical analysis.

M. DATA

A. Physical characteristics of the subjects and the environment are given in Table 1.
Tables of actual and predicted temperatures and AT are given in Appendix A. Tabular data is
expressed as a mean ± one standard deviation.

P 1: 6 hour maximum immersion

Subj No. Group Sex Suit Weight (1b) MST (mm) Water Temp. (OF) Immersion
____ Time (min

1 PI-6m M F-W 152.12 8.65 31.5 360
3 P1-6m M B 141.10 9.25 31.5 360

13 Pl-6 m M B 167.55 12.25 31.0 360
6 Pl-6m M N15 138.89 8.40 31.5 360
8 Pl-6m M I 154.32 14.65 31.3 360
2 P1-6f F H-H 156.53 19.50 31.6 360

17 PI-6f F H-H 149.91 10.58 31.3 360
5 PI-6f F B 167.55 22.68 31.3 360
7 Pl-6f F N15 152.12 19.75 31.6 360

19 Pl-6f F U 119.05 9.93 31.6 360
4 P1-5 M L 163.14 11.10 31.6 255

10 P1-5 1 M I 145.51 8.20 31.6 270
15 P1-5 M N15 160.94 15.60 31.0 300
16 P1-5 M U 152.12 10.63 31.6 255
9 P1-4 M H-H 180.78 11.50 31.0 210

14 P1-4 M I 185.19 11.90 30.5 210
18 P1-4 M F-W 165.35 8.18 31.3 195
21 P1-4 M L 154.32 10.80 30.5 210
11 F F-W 163.14 16.14 31.3 240
20 1 M L 182.98 14.23 31.3 165
12 - M U 145.51 8.45 30.5 1 135

TABLE 1. Summary of human subject physical characteristics and environmental conditions.
MST = mean skinfold thickness. (F-W: Fitz-Wright, H-H: Helly Hanson, B: Bayley,
L: Liukko, N15: Nord 15, I: Imperial, U: Ursuit)
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P2: 6 hour maximum immersion

Subj Suit Sex Weight (1b) MST (ram) Water Temp. (OF) Immersion Time (min)
NO.

8 U F 136.69 11.60 31.4 180
9 F 132.28 9.80 31.4 360

12 U M 198.42 9.08 31.4 330
4 F 138.89 15.43 31.4 300

16 U M 206.13 10.30 31.4 300
0 M 153.22 5.13 31.4 360

11 R1 M 213.85 13.03 31.4 360
13 1 R F 132.28 10.60 31.4 300
15 1R F 136.69 14.60 31.4 300
17 R M 166.45 10.20 31.4 240

(U: Ursuit 5001, R: Rukka 8380)

P4: 6 hour maximum immersion

Subj No. Suit Sex Weight (ib) MST (mm) Water Temp. (OF) Immersion Time (mim)

1 B M 162.80 7.70 32.0 200
2 B F 138.60 13.30 32.0 300
3 B M 169.40 7.95 32.0 300
4 B M 215.60 13.03 32.0 300
5 B F 118.80 8.05 32.0 300

(B: Bayley immersion suit)

P5: 2 hour maximum immersion

Subj Suit Sex Weight (lb) MST (mm) Water Temp. (OF) Immersion Time (min)

I G M 136.84 6.68 32.0 95
2 G M 170.50 7.43 32.0 105
3 G M 155.98 6.68 32.0 70
4 G 155.32 5.30 32.0 80
5 G M 176.44 7.48 32.0 105
6M 170.50 4.68 32.0 120

(G: Gore-Tex Over Water Flight Suit)

TABLE I (con'd). Summary of human subject physical characteristics and environmental
conditions. MST = mean skinfold thickness.

IV. RESULTS

A. Rectal Temperature

Model predictions indicated that there would be an initial rise in Tre, caused by
peripheral vasoconstriction, to a peak followed by an sigmoidal drop to a plateau. The Model
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always predicted a starting T of 37.OOC regardless of conditions. Tre and results of statistical
comparisons are found in Tae 2. Comparisons between actual and estimated T., are shown in
Figures 1-9. In these figures, starting Tnq is normalized to zero and temperatures are expressed as
a change in OC with respect to the beginning of the immersion.

Only sixteen members of the subject pool exhibited the initial rise in T as
predicted (P1: 5 males, I female; P2: 2 males, 3 females; P4: 1 male; P5: 4 males). l"e timing
and extent of this rise did follow predictions except for P5. In P5, the actual peripheral
vasoconstriction response lasted longer than predicted (55.0 ± 29.6 (Ts: subject response) vs 21.7
±4.1 min (Tm: predicted response)).

Actual initial T was higher than predicted for all groups, though the difference
was only significant for P1 and P2 females. Final Tnq Model estimates were consistently lower
than actual Te though the differences were not significant except for groups P1-4 and P5. In
general, Model estimates of Tre tended to be conservative and predicted a cooler Tre by the end of
the immersion period. However, Model still provided a very good prediction of the drop in core
temperature given that differences between actual and estimated T., slopes and ATre were not
significant for groups P1, P2 and P4. Model did not provide good estimates of ATre for P5 by
predicting a steeper decline (slope) in Tre than was seen in the actual data (See Figure 9).

Subjective assessment of the overall curve shapes of the actual and estimated temperatures
using ATre plots also indicated a reasonable agreement for P1 and P2 (see Figures 5 and 6). In
data set P4, the actual data exhibited a fairly linear drop to a plateau rather than a sigmoidal
decline as predicted by the Model. While the Model predictions for the shape of the P5 T
curves were good, the difference in duration periods of the initial rise in Tre may account For the
poorer Model predictions for P5 despite the similarity between the predicted and actual curves.

For P 1 and P2, no significant differences between actual male and female Tre was found.
However, Model predictions of final Tre, ATre and slope were different when P1-6m and Pl-6f
were compared. The Model predicted that females would have a smaller ATre (p=0.012), more
gradual slope (p=0.034) and a much longer initial peak duration as compared to males (average
predicted male peak duration was 31.7 ± 5 min vs 92.5 ± 61.8 miin for females). Similarly, the
Model predicted a smaller overall drop in Tre for P2 females than males (p<0.000). However, the
actual P2 AT were not different (p=0.484). Also, Model predictions of T slopes were
significantly different (p=0.025) while the human data were comparable (p=0.807). There were
individual subject differences, particularly with respect to gender in data set P4 (see Figures 7 and
8). Estimated Tre for male P4 subjects followed actual data more closely than for the P4 females.
For example, the difference between actual and estimated Tre for female P4 subject 2 was much
larger than the male subjects (up to 0.60C below estimates as compared to the males whose
estimated Tre were within ± 0.20C with respect to actual values over the first 110 minutes).
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Subject Mean Iitial Te Mean Final Ti
GrOU Ac Estimated * Actual Estimated pPl -6f 37.5+::04 3. 000047 36.3 ± 0.5 36.1 ±0.2 0.410

P&- 37.8 ± 0.2 37.0 ± 0.0 0.001 36.8 ± 0.7 36.6 ± 0.3 0.662
P1-5 37.7±0.1 37.0 ± 0.0 0.000 36.3 ± 0.3 36.1 ± 0.2 0.342
P1-4 37.5±0.2 37.0±0.0 0.009 36.5±0.1 35.9±0.2 0.001

P2-m 37.4 ± 0.4 37.0 ± 0.0 0.082 36.3 ± 0.6 35.6 ± 0.2 0.064
P2-f 37.3 ± 0.2 37.0 ± 0.0 0.014 36.4 ± 0.4 35.5 ± 0.2 0.882

P4 37.3 ± 0.4 37.0 ± 0.0 0.180 36.1 ±0.9 35.9 ± 0.4 0.793

P5 37.1 ±0.3 37.0 ±0.0 0.777 36.3 ±0.4 35.1 ±0.5 0.001

Subject Mean ATM Mean T., Slope
Group Actual Estimated P Actual Estimated p
21.6m -1.20 ±0,27 2 .144 -.008_.0.03 -0.009 ± 0.002 0.711
P1-6f -1.00 ±0.75 -0.04±0.33 0.153 -0.007 ± 0.003 -0.004±0.003 0.218
P1-5 -1.43 ± 0.46 .0.94 ± 0.23 0.10o -0.008 ± 0.002 -0.008 ± 0.002 0.752
PI-4 -1.00 ±0.08 -1.15±0.15 0.142 -0.009±0.003 -0.010-±0.001 0.571

"P2--m -1.12 ±0.63 -1.40 ± 0.20 0.384 -0.006 ±0.003 -0.010 ± 0.003 0.066

P2-f -0.88 ±0.36 -0.54 ±0.19 0.101 -0.006 ±0.001 -0.006 ±0.001 0.822

P4 -1.24 ±0.53 -1.07 ± 0.41 0.590 -0.008 ± 0.002 -0.011 ±0.003 0.105

-0.72 ± 0.50 -1.92 ± 0.53 0.002 -0.012 ± 0.008 -0.025±0.004 0007

TABLE 2. Comparison of actual vs Model estimated rectal temperature (OC). Values given are
± I standard deviation, p = two-way unpaired t-test probability.

B. Abdomen Temperature (Tabd)

Model predictions indicated that Tabd would drop exponentially to a plateau
during CWI. After reaching that plateau, Ta.d slightly rose (typically no more than 0.50C). The
Model predicted a starting Tabd of 34.80C under all tested conditions. Tb and results of
statistical comparisons are found in Table 3. Overall, no gender-based statistical differences were
demonstrated.

Actual Tabd curves were similar to those predicted for P4 and four of the six P5
subjects. In data set PI, only those subjects wearing the Fitz-Wright suit demonstrated
exponential declines in T.M. The change in magnitude and time required to reach the plateau
portion of the curves (calculated from the point at which initial Tabd dropped by 10/N to 10%
above the plateau value, whether the fall was exponential or not) was compared between actual
and Model estimates. The Model predicted a significantly larger drop in TOM than was actually
exhibited by the subjects for each group except P1-4. For P4, the estimated time to reach plateau
was similar to the actual (68.8 ±18.9 (Ts) vs 82.4 ± 20.1 min (Tm), p=0.302). However, for P5,
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the estimated rate of decline was significantly faster than actual TW (-0.12 ±0.09 (Ts) vs -0.24 ±
0.040 C/muin (Tm), p-0.015).

Subject Mean Initial Ta Mean Final Tabd

Group Actual Estimated v Actual Estimated P
RI-6m 32.2 +±1.3 34.8 ± 0,Q 0.011-- 30,5 ± 1.6- 29.8 ± 1.0 041

PI-6f 31.8 ± 1.5 34.8 ± 0.0 0.011 27.9 ± 5.2 28.2 ±1.8 0.897
P1-5 33.0 ±0.8 34.8 ± 0.0 0.022 32.4 ± 1.1 29.5 ±1.0 0.007
P1-4 31.0 ± 1.5 34.8 ± 0.0 0.015 26.5 ±1.9 29.5 ±0.6 0.041

P4 33.7 ± 1.4 34.8 ± 0.0 0.151 31.5 ±2.9 29.9 ±1.1 0.289

=P5 - 34.6 ± 1.4 34.8 ± 0.0 0.933 29.0±3.7 24.3 ± 0.9 0.003

Subject Mean ATabd _ Magnitude of Exponential Tabd Drop

Group Actual Estimated p Actual Estimated p
PIl-6m -1.7 t± 0.7 -5.0 ± 0.3 0.000 -2.0 ± 1.2 -4.3 ±0.7 .0015.Q
PI-6f -4.0 ± 4.0 -6.5 ± 1.8 0.240 -2.6 ±0.9 -5.5 ± 1.5 0.050
P1-5 -0.6 ± 1.8 -5.2 ±1.0 0.004 -2.2 ± 0.8 -4.3 ± 0.7 0.009
P14 -4.5 ± 3.3 -5.3 ± 0.6 0.678 -2.8 ± 0.9 -4.3 ± 0.6 0.063

P4 -2.2 ± 2.0 -4.8 1.1 0.023 -2.3 ±.0.9 -4.1 ±0.8 0.011l

P5 -5.6 ± 2.8 -10.2 ±0.9 0.009 -4.2 ± 2.2 -8.0 ± 0.6 0.013

TABLE 3. Comparison of actual vs Model estimated abdomen temperature (OC). Values given
are ± 1 standard deviation, p = two-way unpaired t-test probability.

While the Model predicted a small increase in Tabd once the plateau had been
reached, actual human T bd responses were highly variable, often including temperature
oscillations, and many subjects had a rather large increase in Tabd instead of a stable plateau value.
For example, subject 21 (in group P1-4) had a unique 10C drop in Tad during the last 15
minutes in the water while Tabd for subjects 10 (in group P1-5), 3 an& 5 (group P4) 3 and 4
(group P5) rose by about I to 30C after reaching plateau. It was possible that these subjects may
have had more air trapped in the torso of their outfits than the others or they were not as
completely relaxed as was assumed.

Actual starting Tabd was cooler than the predicted in all groups (the difference was
significant for P1). Final temperature predictions were valid for P1 subjects finishing six hour
CWI and for group P4. The Model consistently overestimated ATabd for most of the data sets,
though there was considerable subject variability. For example, P1 subject 21 (in group P1-4) had
a unique 10oC drop in Tabd during the last 15 minutes in the water and P1 subject 10's Tabd (in
group P 1-5) fell and then recovered to starting temperature by the end of his run.

C. Hand Temperature (Th)

According to Model predictions, Th exhibited a simple second order decline in
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magnitude. This characteristic curve shape was remarkably consistent regardless of the Model
inputs. Starting Th was typically 32.70C. Hand temperatures and results of statistical
comparisons are found in Table 4.

For groups P1, P2 and P4, actual Th demonstrated a linear or second order fail
which was similar to the predicted curves. However, the Model consistently overestimated
starting Th (though the difference was only significant for P1-6 and P1-4) and, except for P1-5,
significantly underestimated the final Th.

There were individual suit-based differences in final Th and in ATh in data set P2.
Hands in the Rukka suit were significantly warmer (p < 0.05) than in the Ursuit. Mean male final
Tb was 4. 10C higher and mean female final Th was 4.30C higher with Rukka than with Ursuit.
The overall drop in TbhWas considerably smaller with the Rukka versus the Ursuit (P2-m: 2.6 and
P2-t 4.30 C less with Aukka). In the P4 data set, there were gender-based differences, particularly
in final Th (female Th cooler) and ATh (larger overall change in female Tb), therefore statistical
analyses were separated in terms of sex. It was found that estimates of final Th underestimated
actual values by an average of 5. 50C. Predictions of ATh overestimated the total fail by about
40%. In the P1 data set, however, no gender-based differences between actual or estimated Th
were demonstrated.

Subject Mean Initial Th Mean Final Th
Group Actual Estimated v Actual Estimated j

El-6m 29.7 ±1.1 32.7±0.0 0Q•04 12.2±0.5 8.4±0.1 0.000
P1-6f 28.3 ± 1.7 32.7±0.0 0.004 13.2-±2.1 8.5_t.0.2 0.008
P1-5 29.5 ± 3.6 32.7 ± 0.0 0.169 14.4 6.3 9.0 ± 0.3 0.181
P1-4 27.1 ± 2.9 32.7 ± 0.0 0.030 11.3 ± 0.9 9.8 ±0.5 0.038

P2-m 31.8 ±2.5 32.7±0.0 0.447 16.8 ±3.3 8.8±0.4 0.004
P2-f 31.6± 1.6 32.7±0.0 0.215 18.1 ±2.5 8.9±0.8 0.000

P4-m 28.8 ± 1.7 32.7 ± 0.0 0.056 16.0 ± 1.8 9.5 ±0.7 0.000
P4-f 30.6 ± 0.4 32.7 ± 0.0 0.089 12.8 ± 0.6 8.8 ±0.2 0.014

Subject Mean ATh

Group Actual Estimated )
Pl-6m -17.5 ±1.3 , -24.1 ± 0.5 0.000
PI-6f -15.1 ± 2.1 -24.2 ±0.2 0.001
PI-5 -15.1 ± 4.1 -23.7 ± 0.3 0.024
PI-4 -15.8 ± 3.0 -22.9 ± 0.3 0.019

P2-m -15.0 ± 3.1 -23.9 ± 0.4 0.003
P2-f -13.5 ± 2.5 -23.8 ± 0.8 0.004

P4-m 1 -12.8 ± 1.0 -23.2 ± 0.7 0.000
P4-f -17.9 ± 1.1 -23.9 ± 0.2 0.015

TABLE 4. Comparison of actual vs Model estimated hand temperature (0C). Group P4
separated by sex for Th (m = male, f = female). Values given are I 1 standard
deviation, p = two-way unpaired t-test probability.
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D. Foot Temperature (To)

S 1. Similar to Th, T" followed a simple second order decline profile upon CWI
according to Model predictions. Also, the Tf characteristic curve shape was remarkable
consistent during all simulation runs regardless of the Model inputs. Two notable exceptions
were one of the P2 females and one of the P2 males who displayed an oscillatory increase in Tf
after the initial decline. One might suspect that the feet of these subjects were not "relaxed" as
modeled. Initial Tf was typically 35.80C for P 1 and P2. Foot temperatures and results of
statistical comparisons are found in Table 5.

Estimated initial and final Tf were significantly greater than actual values for most
of the data sets. Unlike the hands, predicted and actual PI and P2 ATf were not statistically
different (excepL for P2 females). The fact that subjects' feet were not likely to be removed from
the water until the run ended supports the assumptions listed above that validity of Model
predictions relies on maintaining the same conditions during the course of the immersion.
Therefore, Tfestimates were fairly good, given the disparity in starting temperatures.

Subject Mean Initial Tf Mean Final Tf
Group Actual Estimated p Actual Estimated p
Pl-6m 29.5 ± 1.4 35.8 + 0.0 0.001 16.1 ±4.1 18.7+0.2 0.216
Pl-6f 28.6 ± 1.5 35.8 ± 0.0 0.001 14.5 ± 2.8 18.8 ± 0.4 0.026
P1-5 27.1 ± 3.2 35.8 ± 0.0 0.012 10.6 ± 3.3 19.5 ± 0.3 0.013
Pl-4 26.6 ± 2.9 35.8 ± 0.0 0.008 9.8 ± 1.0 20.2 ± 0.3 0.000

P2-m 28.6 ± 1.9 35.8 ± 0.0 0.000 14.9 ±3.8 18.6 -0.7 0.000
P2-f 30.9 ± 2.8 35.8 ± 0.0 0.018 16.4 ± 4.8 19.7 ± 0.9 0.201

P5 21.6± 1.3 35.5 ± 0.0 0.000 9.8 ±1.2 16.1 ±1.1 0.000

Subject Mean ATf
Grout Actual Estimated 1 p
Pl-6m -13.5-± 3,9 -17.1.± 0.2 0.116
P1-6f -14.1 ±4.1 -16.9 ±0.4 0.191
P1-5 -16.5 ± 4.6 -16.3 ± 0.3 0.938
P1-4 -16.7±2.1 -15.6±0.3 0.360

P2-m -13.7 ± 3.7 -17.2 ± 0.7 0.000
P2-f -14.6 ± 4.6 -16.1 ± 0.9 0.509

P5 -11.8 ± 1.8 -19.4 ± 1.1 0.000

TABLE 5. Comparison of actual vs Model estimated foot temperature (OC). Values given are
± I standard deviation, p = two-way unpaired t-test probability.

Estimated initial and final Tf were significantly greater than actual values for most
of the data sets. Unlike the hands, predicted and actual P1 and P2 ATf were not statistically
different (except for P2 females). The fact that subjects' feet were not likely to be removed from
the water until the run ended supports the assumptions listed above that validity of Model
predictions relies on maintaining the same conditions during the course of the immersion.
Therefore, Tf estimates were fairly good, given the disparity in starting temperatures.
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There were no gender-based differences between actual or estimated Tf for data
set P1. Model estimates of final Tf and ATf were significantly different between P.2 males and
females (p-,0.049 and p=0.046, respectivey).

Actual and estimated P5 Tf curves were quite similar, though Model temperature
predictions of initial and final Tf as well as the ATf were significantly overestimated. The main
deficiency with Model estimates of Tf was that upon immersion, predicted Tf fell by about 60C -
a value two to three times larger than actual data. It would appear that the subjects' boots had
considerably more insulation than the 62/P ensemble. From the fact that the subject data declined
with respect to time in the predicted fashion, one could assume that their feet were relatively
inactive during the immersion period.

E. Thigh Temperature (To

Model predictions indicated that T dropped exponentially to a plateau after CWI.
Initial Tt was 33.60C for P2 and P4, 33.40C for PA. Thigh temperatures and results of statistical
comparisons are found in Table 6.

In general, the actual subject Tt curves were similar to those predicted. While the
Model overestimated both initial and final Tt, the estimated and actual ATI were quite similar,
indicating a reasonable fit for this body segment. No gender-based statistical differences between
male and female Tt were demonstrated.

Predicted Tt curves were similar in form to T and were analyzed similarly.
While the actual P2 data did exhibit an exponential decline inTt, the Model predicted that T
would fall about twice as fast as it actually did (time for 80% drop in Tt (P2-m: 51.2 (ModelS vs
98.0 min (males); P2-f: 49.6 (Model) vs 91.2 min (females)) (see Fig 3.). For group P4, the mean
estimated T fall time was similar to the actual (70.0 ±10.6 (Ts) vs 70.0 ± 13.2 min (Tm), p=l.0),
as was the decline in temperature (-5.2 ±1.6 (Ts) vs -5.0 ± !.20C (Tm), p-0.843). For data set P5,
the Model predicted that Tt would fall slightly faster than it actually did (time for 80% drop in Tt:
39.0 ± 5.7 (Ts) vs 29.3 ± 5.5 min (Tm), p=O. 108), though estimates of the magnitude of the fall
were close to the aqtual (6.8 ± 1.4 (Ts) vs 5.5 ± 1.8oC (Tm), p=0.265).
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"Subject Mean Initial Tt Mean Final Tt

Group Actual Estimated V Actual Estimated D
P2-m 31.0±1.8 _3.6±0.0 0,030 22.6 ± 2.7 27.4+ 1.6 0.009
P2-f 29.0±1.4 33.6±0.0 0.002 20.3 ±0.8 26.6±1.2 0.000

P4 31.2± 1.1 33.6±0.0 0.008 24.6± 1.7 27.5 ± 15 0.022

P5 32.2±0.9 33.4±0.0 0.019 23.0_±.2.6 25.5±2.6 0.064

Subject Mean ATt

Group Actual Estimated p
P2-m -8.4 ±1.4 -6.3 ±1.6 0.051
P2-f -8.7 ±1.5 -7.1 ±1.2 0.094

P4 -6.7 ± 1.1 -6.2 ±1.5 0.587

P5 -9.3 ±2.8 -7.9 ± 1.1 0.303 -

TABLE 6. Comparison of actual vs Model estimated thigh temperature (OC). Values given are
± I standard deviation, p = two-way unpaired t-test probability.

F. Calf Temperature (Tcf)

Model predictions indicated that Tcf gradually fell as a second order polynomial
after CWVI. Initial Tt was 33.OOC for P2 and P4 and slightly cooler for P5. Calf temperatures and
results of statistical comparisons are found in Table 7.

The overall shapes of both estimated and actual Tcf curves were in agreement for
all groups. Even so, predictions of the initial and final temperatures were statistically different
from actual Trf except for data set P4. The estimated P2 ATcf was significantly different from
actual male ATcf but not female, possibly due to the higher standard deviation in the female data.
However, comparing the actual male and female data directly indicated no significant gender-
based differences. Predicted P4 ATcf were almost identical to actual values.

While the shapes of the actual and predicted P5 Tcf curves were in agreement, the
Model overestimated the initial and underestimated the final Tcf to such an extent that ATcf were
as large as 50C (e.g. subject 1). However, the sample size was too small to generalize about the
ability of the Model to predict Tcf under other conditions wearing Gore-Tex ensembles.
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Subject Mean Initial Td Mean Final Tcf
Group Actual Estimated p) Actual Estimated p
P2-m 3Q.6 + W 9 33.0 0 7 4±2 22.1 ±1.0 0.000
P2-f 29.5 ±2.8 33.0 ±0.0 0.011 17.5 ± 3.0 22.2 ±0.8 0.019

P4 31.7± 1.1 33.0±0.0 0.056 21.4± 1.8 22.7±1.1 0.234

P5 31.3 ± 1.1 32.8 ±0.0 0.018 20.8 ± 1.1 19.1 ±0.8 0.012

Subject Mean ATd
Group Actudl Estimated .
P2-m -11.3 ± 1.7 -10.8+±1.0 0.000
P2-f -12.0 ± 2.1 -10.7 ±0.8 0.245

P4 -10.3 ± 1.2 -10.3 ± 1.1 0.979

PS -1C.6 ± 1.4 -13.7 ±0.8 0.001

TABLE 7. Comparison of actual vs Model estimated calf temperature (OC). Values given are ±
1 standard deviation, p = two-way unpaired t-test probability.

G. Arm Temperature (Tam)

The Model predicted an exponential decline followed by a second order rise to a
plateau during CWI. The Model consistently predicted a starting T of 32.80C. Arm
temperatures and results of statistical comparisons are found in Tablei8.

Predicted P2 and P3 TAM curves were totally different from the actual
temperatures with respect to time dunng CWI. Human Tam curves varied from linear to second
order polynomials. Even though estimates were dissimilar to the actual curves with respect to a
given point in time, predictions of ATam, initial and final Tam were not statistically different from
actual Tan except for P3 males.

It appears that Model estimates of P2 female Tam responses were somewhat better
than the males, though there were no significant differences between male and female data, either
actual or estimated. Since ATam estimates were based on initial temperatures, P3 male and female
data were analyzed separately.-Estimates of male final and AT m did not predict actual values
well and female predictions were only marginally correct. Final Tam estimates were over 70C
higher than actual and, due to the predicted increase in Tam not seen in the actual data, ATam
estimates were one fourth the true size. It would appear that these non-significant differences
were a result of very small means and relatively large standard deviations.
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Subject Mean Initial Tam Mean Final Tam
Group Actual Estimated p Actual Estimated P
P2-m 33.6±1.+,3 32.8 ±0,0 0,242 25.8 ±2.3 27.0±+1.3 0.327
P2-f 32.5±0.9 32.8±0.0 0.509 24.7±5.2 26.4±0.9 0.516

P4-m 30.3 ±0.5 32.8+0.0 0.012 22.9± 1.8 30.5±0.9 0.003
P4-f 33.0±0.3 32.8±0.0 0.427 23.2±.2.6 30.8±1.0 0.059

Subject Mean ATam
Group Actual Estimated p
P2-m.. -7.8+2.3 -5.8 ± 1.3 0,127
P2-f -7.7 ±5.3 -6.3 ±0.9 0.590

P4-m -7.4 1.4 -5.7 ± 1.2 0.026
P4-f -9.8 ±2.8 1 -5.5±1.4 0.146

TABLE 8. Comparison of actual vs Model estimated arm temperature (°C). Group P4
separated by sex for Tam (m = male, f= female). Values given are ± I standard
deviation, p = two-way unpaired t-test probability.

H. Chest Temperature (To)

Model predictions of male T, during CWI were somewhat different from female
estimates. In both cases the initial exponential decline was followed by a rise. For females, that
rise was followed by a slightly rising plateau. Male T curves, however, exhibited an overshoot
followed by a slightly falling plateau. The Model predicted a starting Tc of 33.80C. Chest
temperatures and results of statistical comparisons are found in Table 9.

None of the actual P2 data curves had an exponential decline upon immersion. In
four of five cases, however, the female TC curves dropped to a minimum then increased. Two of
the male TC curves contained a dip following immersion followed by a rise to a relatively constant
level. The other three curves simply continued to fall. Even though the Model underestimated P2
starting and final Tc and Tc changed with respect to time in a somewhat different fashion from
that predicted, actual ATc was not significantly different from the estimated values.

There were subject differences with respect to suit type with male Tc data. The
males wearing the Rukka suit showed significantly smaller changes ATc (-1.7 +/- 0.8 (Rukka) vs -
4.0 +/- 0.40C (Ursuit), p=0.036) as well as final Tc (32.8 +/- 0.7 (Rukka) vs 31.0 +/- 0.40C
(Ursuit), p=0.05). Model estimates and actual Tc comparisons, however, were not significantly
different when tested separately with respect to suit worn. Again, there were no significant
differences between male and female actual or estimated data regardless of suit worn.

Unlike P2, actual P4 Tc declined exponentially upon immersion. The slopes of this
initial Tc decline were marginally similar to thosepredicted (-0.08 ± 0.08 (Ts) vs -0. 12 ±
0.050C/min (Tm), p=0.094). However, the fall in Tc took about twice as long to reach a
minimum than predicted (56.0 ± 20.1 (Ts) vs 26.0 ± 2.2 min (Tm), p=.03). Female T while not
displaying the predicted dip in Tc, did drop to a minimum and then slowly increased. The male
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data did display a noticeable dip in Tc followed by a rise to a plateau.
Statistical analyses of the temperature parameters indicated that Model estimates

provided a good prediction o actual T¢ data. Under the conditions of P3, the good agreement
between the predicted values for the chest when compared to actual data taken from the shoulder
blades, supports the approach taken by Wissler to model the upper torso as a cylinder with its
internal temperatures radially distributed throughout its volume.

Subject Mean Initial Tc Mean Final Tc
Group Actual Estimated p) Actual Estimated P
P2-m 34.7 ± 0.7 33, 0.0.. 0 .0 038 32.1 ± 1.1 30.4 t 0.9 0.035
P2-f 35.0± 1.2 33.8±0.0 0.085 32.8± 1.8 30.3 ±0.6 0.031

P3 33.8 ± 0.6 33.8 ± 0.0 0.8851 30.2 ±2.1 1 30.6 ± 0.8 0.670

Subject Mean ATc
Group Actual Estimated
P2-m -2.6 ± 1.4 -3.4 ±0.9 0.341
P2-f -2.2 ± 1.9 -3.5 ±0.6 0.202

P4 -3.7 ± 1.5 -3.2 ± 0.8 0.533

TABLE 9. Comparison of actual vs Model estimated chest temperature (OC). Values given are
± 1 standard deviation, p = two-way unpaired t-test probability. Shoulder data was
used in P4 since Tc was unavailable.

I. Heart Rate Changes During CWI

For all Model simulations, estimates of heart rate (HR) were well within the
proposed limit of 80% of maximum HR calculated based upon age8 . Calculated limits and Model
predictions of maximum HR are listed in Table 10.
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Std No. Si No. At (rWL Calculated Max HR Estimated Max HR
1 1 22 158.4 75.5
1 2 19 160.8 74.6
1 3 21 159.2 74.6
1 4 25 156.0 75.8
1 5 20 160.0 75.2
1 6 18 161.6 74.6
1 7 19 160.8 74.4
1 8 30 152.0 75.1
1 9 21 159.2 76.7
1 10 26 155.2 75.0
1 11 22 158.4 75.0
1 12 24 156.8 74.2
1 13 22 158.4 76.4
1 14 26 155.2 76.9
1 . 15 18 161.6 75.6
1 16 22 158.4 75.2
1 17 19 160.8 74.9
1 18 22 158.4 75.8
1 19 19 160.8 72.9
1 20 20 160.0 75.6
1 21 23 157.6 75.3
2 8 48 137.6 73.4
2 9 40 144.0 73.6
2 10 28 153.6 75.6
2 11 36 147.2 78.5
2 12 39 144.8 78.0
2 13 31 151.2 73.5
2 14 24 156.8 73.6
2 15 20 160.0 73.5
2 16 23 157.6 78.2
2 17 32 150.4 75.5
4 1 50 136.0 75.8
4 2 15 164.0 73.9
4 3 40 144.0 76.3
4 4 41 143.2 78.6
4 5 29 152.8 73.0
5 1 24 156.8 88.8
5 2 25 156.0 90.9
5 3 24 156.8 90.0
5 4 25 156.0 91.8
5 5 27 154.4 91.7
5 6 25 156.0 93.7

TABLE 10. Comparison of calculated 80% of maximum heart rate (HR; beats/minute) based on
actual subject age (80% HRmax = 0.80 * (220 - age [yrs]) and the maximum HR as
predicted by the Model. 80% DRm, is the allowable USN physiologic limit.
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V. DISCUSSION

1. The inherent variability in human physiologic responses to stress underscore the pitfalls
in human mathematical modeling. In this analysis we have assumed that the Model itself has
nug flexibility to account for reasonable amounts of individual differences. It certainly is

incapable of anticipating all possible responses. As such, the Model is best used as a guide in
determining trends of human responses during hazardous conditions. Furthermore, determining
whether or not a model is "valid" is difficult in that the concept of what constitutes validity itself is
a difficult to define. The best one could hope for is that mathematical predictions follow overall
physiologic trends reasonably (e.g. relative changes over time are similar to actual data) and can
identify those conditions which would be too hazardous for safe human testing.

2. In general, there were considerable differences in human thermal responses of the
various body segments between individuals within the same study. For example, Model starting
temperatures were very consistent, while human initial temperatures varied by considerably wider
margins. In particular, females tended to have somewhat warmer starting segment temperatures
than males. Initial Model and human skin and T were often different, sometimes over I°C
higher or lower. In some cases, but clearly not a2l, these starting differences led to Model
predictions which only varied from the actual data by a constant offset.

Another possible source of error was the assumption that the modeled subject was
relaxed and completely immersed except for the head. It was possible that deficiencies in Model
predictions could have been caused by periods in which part of the subjects' bodies could have
been out of the water, such as arms folded across the chest, or if legs and feet were moving.

Even though environmental and physical variables were matched as closely as possible,
in the final analysis, any thermal predictions obtained were only as good as the assumed garment
CLO values used by the Model. It was assumed that garments used in P 1, P2 and P4 were similar
to the CWU-60/P. In fact, the Finnish reports indicated that the thermal properties of different
suits varied, particularly the insulating capabilities of the suit extremities. Deficiencies in the
modeling of P5 data with the 62/P ensemble were listed in the Results section.

3. Two significant limitations were uncovered during this analysis. The first lies in the
fact that the human included in the Model is male. As such, modelling female thermal responses
in many cases was inadequate. For example, the Model computes T as a weighted combination
of arterial, venous and abdominal temperatures1 0 . In order to provicAle better estimates of female
T•. these weighting factors would have to be adjusted. Second, in order to compare predicted
initial and final temperatures based upon a given set of human data, it is essential to be able to
specify starting segment temperatures. In its current form, the algorithm for calculating initial
segment temperatures incorrectly estimated these temperatures for most of the body segments
(except for the arm and chest). Therefore, the most "valid" way to interpret Model thermal
simulations is to focus on the relative change in temperature estimates.

4. Rectal temperature

Model estimates of initial Tre tended to be too low. Only in P4, P5 and P2 males were
starting Tre predictions not statistically different from actual Tr. Final Tre estimates were
acceptable using the 60/P CLO values for all groups tested except P1-4. Model predictions for
P5 were too conservative. Given the fact that actual starting temperatures throughout this
analysis have often been quite different from Model estimates, the key parameter in judging the
predictive capability of the Model is the AT caused by CWI. Excluding P5 data, Model
predictions of ATre were not statistically di/erent from actual data for 86% of the tests
performed. Furthermore, the rate of change in the drop in Tre was also not statistically different
from actual data, except for P5. It is interesting to note that only 16 subjects (36% of the sample)
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exhibited the initial rise in T., caused by increased peripheral vasoconstriction. This may have
been due to the temperature sampling rate and sensitivity of measuring devices used in the Finnish
studies. Model predictions of this rise typically estimated a maximum duration of 30 minutes with
an increase of 0.05 to 0.11°C. It may not have been possible to distinguish temperature changes
of this magnitude during the human trials. Interestingly, more subjects in P5 (Tre sampled every 5
minutes) exhibited this response (4 of 6) than in the other tests and the duration of these peaks
lasted longer than the others. It is possible that the actual Gore-Tex ensemble worn by P5
subjects provided more insulation than predicted using the 62/P CLO values.

5. Chest temperature

T¢ was measured only in P2 and P4. Initial and final temperature predictions were
valid for all but P2 females. Female subject Tc tended to be warmer than predicted. However, for
all groups, ATc predictions were valid. However, the actual Tc curves were not accurately
predicted with respect to time. Therefore, based on a small sample of fifteen subjects, Model
predictions will be most useful in terms of overall response, as opposed to minute by minute
estimates. The failure to predict the female responses more accurately is probably due to the fact
that the Model subject is male and gender-based differences were demonstrated in the subject
data.

6. Abdomen temperature

Tabl was recorded in P 1, P4 and P5. The Model indicates that T.1d should fall
exponentially to a plateau. Subjects in P4, 4 of 6 in P5 and 3 of 21 in P1 exhibited such a
characteristic curve. Predictions of initial Tabd overestimated actual responses in P 1, though
estimates were valid for the other two groups. Final Tabd predictions were inconsistent. Model
estimates of final Taod for P1 subjects completing the full six hour CWI and P4 subjects were
statistically valid. The Model overestimated Tabd for group P1-5 and underestimated it for P1-4
and P5. Most of the ATabd predictions, except for P1 -6f and P1-4, overestimated the extent of
the drop in Tabd. While ATabxd estimates could have matched the actual data better, Model
predictions for P4, P5, groups P1-6f, P1-5 and P1-4 were consistently too large. Use of these
consistently conservative estimates would allow for a larger margin of safety when using the
Model for design or evaluation purposes.

7. Arm temperature

Tam was measured only in P2 and P4. As in the chest predictions, the actual and
estimated Tam curves were poorly matched. However, initial Tam and AT estimates were valid
except for P4 males. Final Tam predictions were valid for P2 data. Gender-ased differences
between P4 males and females were demonstrated for this segment. Even though 80% of the
AT predictions using this portion of our population sample were valid, more human data should
be obtained before making any conclusions about Tam.

8. Hand temperature

Tb was measured in P 1, P2 and P4. Estimated and actual curves were similar in
appearance. Starting T estimates were too high for groups P 1-6m, P l-6f and P 1-4 and valid for
the rest. However, Model estimates of final Th (except for P 1-5) and ATh were greatly
overestimated.

During this simulation, it was assumed that the entire body, except the head, remained
immersed and inactive. It is probably reasonable to assume that the subjects did not leave their
hands totally immersed at all times - they might have rested them on their chests, for example.
They may have flexed their fingers periodically, which will increase overall Th. This probably
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would account for the differences observed. However, even though conservative estimates of
temperature increase safety limits when using this Model, in this cas these predictions were much
tTis ibecause current USN requirements and the "stop-the-run" conditions imposed
during these human tests would have ended the simulation prematurely in a majority of the runs
when Th fell to or below 100C.

9. Thigh temperature

Tt was recorded in P2, P4 and P5. Actual initial and final T1 were consistently lower
than Model predictions. However, ATt estimates were not statistically different for all data
comparisons. The actual and predicted curve shapes were q in these tests except for
the fueale subjects. These subjects exhibited a wide range of Tt values after the first hour of
immersion not predicted by the Model.

10. Calf temperature

T(fwas measured in P2, P4 and P5. Predicted and actual Tcf curves were in
agreement over time. Initial temperature estimates were too high except for P4 subjects. Final
temperature estimates were too great for P2, too low for P5 and agreed with P4 data. AT'f
estimates were valid for P2 females and P4 but were too high for P5 and too low for P2 males.
There were no sex-based differences. It is possible that the 60/P CLO value estimates for the legs
in the Bayley Immersion Suit (P4) were better matched than for the Rukka, Ursuit or Gore-Tex
ensembles. This could account for the variability seen in the ATCf results.

11. Foot temperature

Tf was successfully recorded in P 1, P2 and P5. Actual T- responses tended to be more
linear than predicted by the Model. Initial Tf was always overestimated. Final Tf estimates were
only valid for groups Pl-6m and P2-4. However, ATf estimates were valid for all of Pl and P2
females. ATf was overestimated for P5 and P2 males. The problem with the latter data set was
the occurrence of oscillatory patterns in the data set which may have indicated that some subjects
did not keep their feet relaxed. As with the Te predictions using P5 data, it is possible that the
actual Gore-Tex ensemble worn by these subjects provided more foot insulation than predicted
using the 62/P CLO values.
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Texas Human Thermal Model Sensitivity Analysis

I. MODEL ASSESSMENT

Approach

The primary purpose of this study was to investigate the performance of the Texas
Human Thermal Model during simulated head-out CWI. To accomplish this, a sensitivity analysis
was performed in which individual Model parameters were varied while keeping all others
constant to determine their effect on estimated T., and mean skin temperature (Tsk). These
parameters included body segment CLO values and the physical and exercise characteristics of an
individual and his environment. The garment modelled in this analysis was based on the current
standard USN anti-exposure ensemble: the CWU-62/P. End points used during this analysis were
based on the USN Operational Thermal Requirements for Cold Water Immersion12 : maintain (1)
T. above 350 C and (2) Tsk above 15oC. Additional end points included the time required to
reach (1) the metabolic 'fatigue" limit (point at which shivering stopped and central temperature
(Tan) transiently rose) or (2) an estimated arterial temperature of 32.50C.

It. METHODS

A. Standard conditions used are defined as follows:

I. Body segment CLO distribution was

Segment: Chest Abdomen Head* Arm Hand Leg Foot
CLO: 0.80 0.80 4.16 0.10 0.10 0.60 0.50

Default Model USAF helmet value.

2. The idealized standard man used in this analysis was 160 lb (72.7 kg) with a 10
mm mean skinfold thickness. He was positioned in a relaxed sitting posture during simulated
head-out CWI. Basal metabolic rate was set at 100 watts. The exercise metabolic rate was I
BTU/hr and this effort was distributed over the body as 20% arms, 501/o legs, 15% abdomen and
15% chest. Clothing was initially dry with an impermeable covering and included a standard
USAF helmet. Environmental conditions included 100% relative humidity, barometric pressure of
760 torr and a 2 mph (0.89 m/s) wind speed.

B. Body segment CLO values were tested as follows:

1. Individual body segment CLO values were varied while holding the others
constant as follows. The chest, abdomen and head segments were modelled during both 28 and
40OF CWI while the other segments were modelled only at 40OF water.

2. The chest and abdomen segments were varied together from 0.01 to 2.0 since
both segments had the same CLO value in the 62/P.

3. The right and left leg (thigh and calf) CLOs were varied together from 0.01 to
1.8 while the foot segment was held at the standard 0.5 CLO.

4. The right and left foot CLOs were varied together while the leg segments were
held at the standard 0.6 CLO. The segment CLOs were varied from 0.01 to 1.8.

41



NAWCADWAR-93069-60

S. Four different variations were tested for the arm and hand segments. In each
case, right and left arms were set equal. In Case 1, arm CLO was set equal to hand CLO and
tested from 0.01 to 2.0. In Case 2, the arm CLO was varied while holding the hand at the
standard 0. 1 CLO (arm tested from 0.05 to 2.0). For Case 3, the hand CLO was varied while
holding the arm at the standard 0.1 CLO (hand tested from 0.01 to 0.15). A fourth case was run
in which the hand CLO was tested at each of the Case 3 values with each of arm CLO values as in
Case 2.

6. To study the effect of head coverage, the Model was run for 6 hours without a
helmet and compared to the standard CLO configuration.

C. Physical, exercise and environmental characteristics were varied while using the
standard Model configuration as follows. In each case, water temperature was modelled at 400 F.
Wind speed was varied from 0 to 74 mph. Body weight was tested at the 5th (140 lb), the 50 th
(171 Ib), the 7 5th (184 lb) and the 95th (204 [b) percentiles. Mean skinfold thickness (MST) was
varied from 3 to 15 mm. Basal metabolic rate (BMR) was varied from 50 to 200 watts. Exercise
metabolic rate (EMR) was varied from I to 1000 BTU/hr. One can vary the relative contribution
of four different body segments to the exercise performed by the Model subject ("Exercise
metabolic distribution" (EMD)). The combinations tested in this analysis are shown in Table 11.
Run D in Table 11 simulated upper body exercise. The Model allows for a variety of physical
activities, including standing, sitting, treadmill walking, walking and stationary bike riding. The
sole activity tested in this study was sitting, since none of the others were appropriate. Variations
in EMD may indeed become a factor with other postures, but were not tested.

Run No. Arm Leg Abdomen Chest
STD 20% 50% 15% 15%

A 30% 40% 15% 15%
B 40% 30% 15% 15%
C 50% 20% 15% 15%
D 30% 1300/ 15% 25%

TABLE 11. Relative contribution of body segments to exercise metabolic distributions tested.
STD was the standard distribution.

III. RESULTS

A. Segment CLO Assessment

1. With the standard CLO configuration in 40OF water, the Model reached a
fatigue limit after 265 minutes. In 280 F water, fatigue limit was reached after 165 minutes.

2. Chest and abdomen segments

a. If the chest and abdomen CLO were set to a level greater than 1.6, the 6
hour CWI was completed without fatigue. Therefore, a 360 minute 40OF immersion was possible
with chest and abdomen segment CLOs = 2.13 * standard chest and abdomen CLO. At 280F,
CLO values up to 2.0 were insufficient to continue immersion beyond 240 minutes. Table 12
details the time predicted for T and T to reach critical levels, for T to fall to 350C and when
metabolic fatigue was predictejefor the-sLO values tested during 280?-and 40OF CWI. Estimates
of T., and Tsk (OC) at the end of the CWI are also given.
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b. Figure 10 shows a plot of CLO vs time to fatigue at 40OF and indicates
two breakpoints at which point the slope changes. The three distinct regions are described below.

Range (CLO) Slope (min/1.0 CLO) time to fatigue (mrin) for

lower limit upper limit lower CLO range limit J upper CLO range limit

0.8 to 1.6 -112.5 265 355
0.1 to 0.7 -216.7 110 250
0.01 to 0.1 -300.0 80 110

c. Nonlinear regressions of chest and abdomen CLO versus time at fatigue

for 28 and 40OF water are given by

40°F: Time to fatigue = ( 77.096 + 420.959 x ) / ( I + 0.691 x) r2 = 0.99

28°F: Time to fatigue = ( 51.886 + 247.009 x ) / ( I + 0.656 x) r2 = 0.99

where x = chest and abdomen CLO (other segment CLOs held at standard values).

d. Figures 1 1-13 contain plots of Tr, Tnand Tsk while varying chest and
abdomen CLOs from 1.6 to 0.01. Note the gradual parabolic decline in Ten, the initial rise
followed by a parabolic decline in T,, and the abrupt drop in Tsk after immersion followed by a
relatively slight linear decline over time.

40°F Water 28°F Water

CLO Tre Tqn Tsk Time to Tre Tsk at Tre Ten Tsk Time to Tre at Tsk at
(min) (miin) (min) fatigue at EOI (mrin) (miin) (miin) fatigue EOI EOI

(min) EOI (°C) (min) (0C) (0C)
(0C)

Q2.0 nf nf nf nf 35.6 1 22.7 * 165 * 240 35.2 19.1
1.8 nf nf nf nf 35.5 22.5 * 155 * 225 35.2 19.5
1.6 345 * 355 35.4 22.1 * 145 * 215 35.2 19.4
1.4 315 * 335 35.4 22.0 * 140 205 35.2 19.1
1.2 * 275 * 315 35.3 21.7 * * 195 35.1 18.7
1.0 * 225 * 295 35.2 21.2 * 115 * 180 35' 5 1
0.9 * 200 * 280 35.2 21.0 * 110 * 35.0 18.0
0.8 180 265 35.2 20.8 105 * 1 35.0 17.8
0.7 * 165 * 250 35.1 20.5 * 100 155 35.0 17.6
0.5 * 130 * 215 35.0 19.6 135 85 * 135 34.9 16.5
0.3 165 100 * 170 34.9 18.3 105 65 * 105 35.0 15.3
0.2 135 80 * 140 34.9 17.6 90 55 55 90 34.9 14.0
0.1 105 65 * 110 34.9 16.2 70 45 15 70 35.0 12.5
0.08 100 60 * 105 34.9 15.6 70 40 15 70 34.9 11.4
0.05 90 55 95 95 34.9 15.0 * 40 10 60 35.0 11.2
0.03 85 50 70 90 34.9 14.4 60 35 10 60 34.9 10.2
0.01 75 45 25 80 34.8 13.4 * 30 5 50 35.1 9.5

TABLE 12. Time (minutes) to reach critical temperatures and fatigue and T and Tk at the end
of 28OF and 40°F CWI (EOI) for various chest and abdomen CILO values. nf: no
fatigue after 6 hours; *: The Model predicted fatigue before reaching critical
temperature. Standard CLO = 0.8.
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3. Leg segments

a. If the leg CLO was > 1.2, 6 hour CWI was completed without fatigue at
400F. Therefore, a 360 minute CWI was possible with leg segment CLO = 2.0 * standard leg
CLO. Table 13 details the time predicted for Tre and T• to reach critical levels for T to fall to
350C and when fatigue halted computations for the CLOvalues tested while immersedfin 40OF
water. Note that once T did reach critical (350C), fatigue followed, though 5 to 10 minutes
later than in the chest andabdomen runs.

b. Figure 14 shows a plot of CLO vs time to fatigue at 400F, indicating
two breakpoints at which the slope changes. The three distinct regions are described below:

Range (CLO) Slope (min/1.0 CLO) time to fatigue (min) for
lower limit upper limit lower CLO range lit upper CLO range limit

0.5 to 1.0 -191.7 245 340
0.1 to 0.5 -275.0 135 245
0.01 to 0.1 -350.0 100 135

c. Figures 15-17 contain plots of Tre, Tcn and Ts while varying leg CLOs
from 0.01 to 1.0. Note that the greatest change in temperatures occurred between 0.1 and 1.0
CLO. A nonlinear regression of leg CLO versus time at fatigue for 40OF water is given by

Time to fatigue = ( 101.419 + 404.224 x ) / ( 1 + 0.490 x) r2  0.99

where x = leg CLO (other segment CLOs held at standard values).

CLO Tre Tqn Time to Tre at Tsk at
(min) (min) fatigue EOI (0C) E0I (0C)

(min)

1.8 nf nf nf 35.7 23.2
1.6 *nf nf nf 35.6 23.0
1.4 nf nf nf 35.6 22.7
1.2 nf nf nf 35.5 22.4
1.0 * 330 340 35.3 21.8
0.8 * 260 305 35.3 21.4
0.7 * 215 285 35.2 21.2
0.6 * 180 265 35.2 20.8
0.5 * 155 245 35.1 20.3
0.3 195 115 195 35.0 19.1
0.2 155 95 165 34.9 18.5
0.1 120 80 135 34.8 17.3

0.08 115 75 130 34.8 16.9
0.05 105 70 120 34.7 16.4
0.03 100 65 115 34.7 16.1
0.01 90 60 100 34.7 15-7

TABLE 13. Time (minutes) to reach critical temperatures and fatigue and Tr and Ts at the end
of 40OF CWI (EOI) for various leg CLO values (foot CLO = 0.1). nf: no fatigue
after 6 hours; *: The Model predicted fatigue before reaching critical temperature.
Standard leg CLO =. 0.6.
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while immersed in 40OF water. Note that once T did reach critical (350C), fatigue followed,
though 5 to 10 minutes later than in the chest ancFabdomen runs.

CLO Tr Ten Tsk Time to fatigue

1. n nf nf nf
1.6 nf nf nf nf
1. i T r'ii? --- F nf
1.2 nf nf nf nf
1.0 1 330 * 340
0.8 * 260 * 305
0.7 * 215 285
0.6 1 180 * 265
0.5 * 155 * 245
0.3 195 115 * 195
0.2 155 95 * 165
0.1 120 80 * 135

0.08 115 75 * 130
0.05 105 70 * 120
0.03 100 65 * 115
0.01 90 60 * 100

TABLE 13. Time (minutes) to reach critical temperatures and fatigue during 40OF water
immersion for various leg CLO values (foot CLO = 0.5). nf no fatigue after 6
hours; *: Model fatigued before reaching critical temperature. 0.6 was the standard
leg CLO value.

e. Figures 15-17 contain plots of Tre, Tcn and Tsk while varying leg CLOs
from 0.01 to 1.0. Note that the greatest change in temperatures occurred between 0. 1 and 1.0
CLO.

4. Foot segment

a. With all tested foot CLO values, 6 hour immersions were not completed
prior to reaching fatigue (see Table 14). It was apparent that increasing foot insulation alone was
not enough to prevent fatigue. However, in comparison to the standard configuration, increasing
foot insulation greater than the standard (0.7 to 1.8 CLO) delayed fatigue by 10 to 30 minutes.

b. Unlike the chest, abdomen and leg segments, a plot of foot CLO vs time
to fatigue at 40OF indicates a relatively linear variation (see Figure 18). However, when CLO
dropped below 0. 1, time to fatigue accelerated as compared to higher CLO values, though the
absolute change was small given the already short survival times. These changes are described by:

Range (CLO) Slope (min/1.0 CLO) time to fatigue (min) for

lower limit upper limit lower CLO range limit J upper CLO range limit
0.1 to 1. 8 - 31,3 245 295
0.01 to 0.1 -150.0 235 245
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4. Foot segment

a. With all tested foot CLO values, 6 hour CWI were not completed prior
to reaching fatigue (see Table 14). It was apparent that increasing foot insulation alone was not
enough to prevent fatigue. However, in comparison to the standard configuration, increasing foot
insulation greater than the standard (0.7 to 1.8 CLO) delayed fatigue by 10 to 30 minutes.

b. Unlike the chest, abdomen and leg segments, a plot of foot CLO vs time
to fatigue at 40oF indicates a relatively linear variation (see Figure 18). However, when CLO
dropped below 0. 1, time to fatigue accelerated as compared to higher CLO values, though the
absolute change was small given the already short survival times. These changes are described by:

Range (CLO) Slope (min/1.0 CLO) time to fatigue (min) for
lower limit upper limit lower CLO range limit upper CLO range limit

0.1 tol.8 - 31.3 245 295
0.01 to 0.1 -150.0 235 245

Tre Tqn Time to Tre at Tsk at
CLO (min) (min) fatigue E0I (0C) EOI (0C)

(min)

8 * 285 295 35.3 209
1.6 * 275 290 35.4 21.1
1.4 * 265 290 35.3 20.9
1.2 * 255 285 35.3 20.9
1.0 235 275 35.3 21.0
0.8 * 215 275 35.3 20.9
0.7 * 205 275 35.2 20.7
0.5 " 180 265 35.2 20.8
0.3 * 160 255 35.1 20.8
0.2 * 150 250 35.1 20.7
0.1 245 140 245 35.0 20.4

0.08 * 135 240 35.0 20.6
0.05 240 135 240 35.0 20.4
0.03 130 235 35.0 20.6
0.01 235 130 235 35.0 20.4

TABLE 14. Time (minutes) to reach critical temperatures and fatigue and Tre and T k at the end
of 40OF CWI (EOI) for various foot CLO values (leg CLO = 0.6). *: The Model
predicted fatigue before reaching critical temperature. Standard foot CLO = 0.5.

c. Figures 19-21 contain plots of Tr, Tcn and Tsk at foot CLOs from 0.01
to 1.0. Though there was less temperature variation when varying foot CLO as compared to the
above segments, the greatest change in Ten and T., occurred between 0.1 and 1.0 CLO.
Changing foot CLO had little effect on Tsk. A linear regression of foot CLO versus time to
fatigue is described by

Time to fatigue = 33.88 x + 241.26 r2 = 0.94

where x = leg CLO (other segment CLOs held at standard values).
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5. Arm and hand segment

a. For all cases, T. and Tsk did not reach critical levels. See Table 15 for
a summary of fatigue times and thermal predictions for the end of the CWI for Cases I to 3.

b. Results Case I (arm - hand CLO):

With an arm and hand CLO greater than 0.3, 6 hour CWI was
completed without fatigue at 400 F. Figure 22 shows a plot of arm and hand CLO vs time to
fatigue at 40OF indicating a fairly linear drop at 0.3 CLO and below. The greatest drop was
between 0.1 and 0.3 CLO, during which the time to fatigue dropped by 70 minutes, compared to
a 50 minute drop at CLOs between 0.01 and 0.1. Overall, between 0.01 and 0.3 CLO, time to
fatigue decreased by 40 minutes for every 0.1 drop in CLO. Fatigue was reached after 335
minutes at 0.3 CLO and after 215 minutes at 0.01 CLO. A linear regression of arm and hand
CLO versus time to fatigue is described by

Time to fatigue = 396.7 x + 221.0 r2 = 0.98

where x = arm and hand CLO (other segment CLOs held at standard values).

Using this linear model, one would need to increase arm and hand CLO to 0.35 (350%/o
increase), while holding other segments at standard CLO values, in order to complete 360 minutes
at 40OF without fatigue. Figures 23-25 contain plots of TM Tc and Tsk for CLO values from
0.01 and 0.3. As with the other segments, the greatest variation in temperatures occurred
between 0.1 and 1.0 CLO.

c. Results Case 2 (Vary arm and fix hand at 0.1 CLO):

Case 2 results were very similar to Case 1 except that with a 0.4
arm CLO, fatigue limit was reached just at the end of the 6 hour run. At CLO values greater than
0.4, 6 hour immersion runs were completed without fatigue. With the exception of the 0.4 arm
CLO run, fatigue times were identical between Cases 2 and 1. However, Case 2 TO fell to 350C
or below somewhat later than in Case I (an average of 10 minutes later) prior to fatigue at CLO
values of 0.3 or less.

d. Results Case 3 (Vary hand and hold arm at 0.1 CLO):

Case 3 results were quite different from Cases I and 2. For hand
CLO values of 0.15 or less, fatigue was always reached after 265 minutes while immersed in 40OF
water. Therefore, it was found that, as anticipated, increasing hand CLO alone has no effect on
the overall ability to tolerate 40OF cold water immersion. Figures 26-28 contain plots of Te, Tcn
and Tk for the different CLO values tested. There was very little variation in all temperatures at
the tested hand CLOs.

e. Results Case 4 (Vary hand and arm):

i. The results with setting arm CLO at 0.4, 0.8, 1.2, 1.6 and 2.0
while varying the hand CLO as in Case 3 were very similar to Csse 1. Both T and T., remained
above 350C and fatigue limits were not reached after 6 hours. (At 0.4 arm CLO, fatigue actually
occurred at 360 minutes). At arm CLO less than 0.4, the results were essentially the same as in
Case 1 with at most a 5 minute variance in time for Tcn to reach 350C. Therefore, the effect of
varying hand CLO on immersion time is minimal.
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FIGUPE 23. Tre predictions uhile varying arm and hand CLO
values together from 0.01 to 0.3 during 40F CWI.
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FISUPE 24. Tcn predictions uhile varying arm and hand CLO
values together from 0.01 to 0.3 during 40F CLII.
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FIGURE 25. Tsk predictions uhile varying arm and hand CLO
values together from 0.01 to 0.3 during 40F CLJI.
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CASE 1 (arm = hand) CASE 2 (vary arm)

CLO T• Time to Tre at T. 'at Tn Time to Tre at Tsk at
(min) fatigue EOI EOI (°C) (mrin) fatigue EOI EOI

(min) (0C) (min) (OC) (OC)

2.0 nf nLf 35.3 25,1 nf nf 35,7 23.9
1.6 - - - nf nf 35.7 23.7
1.5 nf nf 35.4 24.6 .-..
1.2 - - - nf nf 35.6 23.5
1.0 nf nf 35.4 24.0 - -

0.8 .- - nf nf 35.6 23.1
0.5 nf nf 35.4 22.9 -- - -

0.4 - - - 360 35.3 22.0
0.3 300 335 35.2 22.0 320 335 35.3 21.7
0.2 240 305 35.2 21.4 255 305 35.2 21.3
0.1 180 265 35.2 20.8 180 265 35.2 20.8

0.05 160 245 35.1 20.2 155 245 35.1 20.3
0.03 150 235 35.1 20.2 - - - -
0.01 135 215 35.1 19,9 - -

CASE 3 (vary hand)
CLO Tcn Time to Tre at Tsk at

fatigue EOI E01 (°C)
(min) (0C)

0.15 175 265 35.2 20.9
0.1 180 265 35.2 20.8

0.08 185 265 35.2 20.8
0.03 190 265 35.2 20.8
0.01 190 265 35.2 20.7

TABLE 15. Time (minutes) to reach critical temperatures and fatigue and Trc and Tsk at the end
of 40OF CWI (EOI) for various arm and hand CLO values. nf: no fatigue after 6
hours; *: The Model predicted fatigue before reaching critical temperature; -: CLO
value not tested during that case. Standard arm and hand CLO = 0. 1.

6. Head segment

a. Temperature predictions with and without a helmet are summarized in
Table 16. Fatigue Tcn and Tre without helmets were equivalent at 28 and 400F. Also, the
difference in Tcn and Tre between the standard and the no helmet condition were relatively small.
However, comparable Tsk between standard and no helmet conditions were greater. This
indicated the important contribution the head segment made to predicted Tsk.
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Water Time to Critical Temp Time to Fatigue Temp (0C)
Temp Condition Tre T= Fatigue Tre Tcn Tsk
28°F I o -helmet 125 75 1235 34.9 34.4 17.3
280F Helmet * 105 165 35.1 34.5 18.1

40°F No helmet 205 110 210 35.0 34.4 20.3
40OF Helmet * 180 265 35.2 34.8 21.0

TABLE 16. Time (minutes) to reach critical temperatures and fatigue and temperatures during
40OF CWI just prior to fatigue with or without wearing the standard USAF helmet.
* : The Model predicted fatigue before reaching critical temperature.

B. Physical, exercise and environmental characteristics assessment

1. Weight:

a. Table 17 summarizes the effects of increasing weight on time to reach
critical temperatures and fatigue, as well as heart rate and temperatures at fatigue. Tsk did not
reach a critical level during these runs. The Model calculated a variety of parameters which
described the ability of the hypothetical man to store and remove heat. While changing body
segment CLO values did not effect these parameters, changing physical characteristics did.
Segmental heat transfer coefficients (HTC) were calculated by the Model to describe how
adjacent structures within the body exchanged heat with one another, e.g. between arterial and
venous blood pools. Standard values for HTC in 40°F water are given in Table 18. HTC were
2% greater at weights below 160 lb and were 1% lower for the 50 th percentile, 2% lower for 7 5 th
percentile and 3.5% lower for the 9 5 th percentile. The. Model also calculated the rate at which
heat was lost through the skin. At weights below 160 lb, skin heat loss rate was lower by
approximately 3.5%, while above 160 lb, skin heat losses increased up to 6% for the 959
percentile. (Standard skin heat loss rate for the standard test condition ranged from 549 kcal/min
at 5 min in 40OF to 341 kcal/min at fatigue). The ability of the body to store heat was also
estimated and was effected by body weight. The stored heat content of the modelled 5th
percentile subject averaged 12% less than at 160 lb, while the 9 5 th percentile subject averaged
27% higher. (Standard stored heat content for the 160 lb subject ranged from 2246 kcal at
immersion into 40OF to 1928 kcal at fatigue).

b. At all tested body weights, 6 hour CWI were not completed prior to

fatigue. Time to fatigue decreased in a linear fashion, as described by the regression line

Time to fatigue = -1.15 x + 454.1 r2 = 0.95

where x = weight (other parameters held at standard values).

Figures 29-31 contain plots of T T and Tsk predictions for various body weights. Tsk
was effected to a lesser extent than Tre ad "cn For example, the fatigue level TA only ranged
from 21. 1OC (at 140 Ib) to 20.60C (at 204 lb). In sum, individuals with lower weights are
predicted to tolerate CWI longer than heavy people.
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Weih Te T• Tume to ItiaI Max Time to Trat T at
(b) (mm) (rai) Faigue HR HR Max HR EO (0C) EOI (01

(min)

140 3 00 5;9 83 205 35.4 121.0
160 IS180 265 65 85 200 35.2 20.8171 * 155 250 66 86 195 35.1 20.8

184 230 135 240 66 87 190 34.9 20.5
204 185 120 225 70 88 180 34.8 20.4

TABLE 17. Heart rates and time (minutes) to reach critical temperatures and fttigue and T and
Tsk at the end of 40OF CWI (E0I) with varying weights. Standard weight was 160
lb. *: The Model predicted fatigue before reaching critical temperature.

Body Segment HTC (watt / m2 OC) Body Segment HTC (watt / m2 0 C)

chest 988.7 hand 1632.1
abdomen 1049.4 thi h 1807.7

head 6.97 calf 1924.3
biceps 1241.8 foot 2248.8

forearm 1565.1

TABLE 18. Standard test condition body segment heat transfer coefficients.

2. Mean Skinfold Thickness (MST):

a. As MST increased, predicted time to fatigue '.d starting heart rate
increased and maximum heart rate decreased. All segment HTC, surface and skin heat losses
increased at MST < 10 mm and decreased at MST > 10 mm. Stored heat content decreased at
MZT < 10 mm and increased at MST> 10 mm. Respiratory heat loss was less than standard at
MST = 3 or 5 mm and about the same at MST ranging from 8 to 15 mm. See Table 19 for a
summary of results.

b. At all tested weights, 6 hour CWI were not completed prior to fatigue.
However, the higher the MST, the longer it took to reach fatigue, increasing in a linear fashion.
A linear regression line describing the function is given by:

Time to fatigue = 10.78 x + 160.6 r2 = 0.99

where x = MST (other parameters held at standard values).

Based on this regression, a MST of at least 18.6 mm would be required to complete 360
minutes in 40OF water without reaching fatigue under the standard test conditions.

c. Figures 32-34 contain plots of Tre, Ten and Tsk. As MST increased,
Tre, Tn and time to fatigue increased while Ts decreased. T did nottfal to critical levels
during these runs. Note that fatigue level temperatures were reatively evenly distributed with
respect to MST.
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TM Ten Time to Initial Max Time to Te at Tsk at
MST (min) (min) Fatigue HR HR Max HR EO1 (0Q EOI (0Q
(mIm) (min)

3 80 60 195 64 165 33.6 22.5
5 100 70 215 64 88 170 34.0 21.8
8 195 115 245 65 86 185 34.8 21.2

10 180 265 65 85 200 35.2 20.8
12 * 290 65 84 205 35.5 20.2
15 * * 325 66 83 235 36.0 19.7

TABLE 19. Heart rates and time (minutes) to reach critical temperatures and fatigue and T., and
T at the end of 40OF CWI (E0I) with varying mean skinfold thicknesses. Standard
MAT was 10 mm. *: Model fatigued before reaching critical temperature.

3. Basal Metabolic Rate (BMR):

a. As BMR increased, estimated starting and maximum heart rate
increased. The Model calculated the overall rate at which heat was generated for a given test
condition, including metabolic sources and the level of physical activity, including shivering. Heat
generation increased as long as shivering was maintained and dropped precipitously once the
ability to shiver was lost. The maximum rate of heat generation was 5% lower than the standard
test condition at BMR = 50 watts and slightly greater than standard at BMR greater than 100
watts (e.g. 2% higher at 150 watts). Tsk did not fall to critical levels during these runs. Table 20
contains a summary of the results.

b. A 6 hour CWI was completed with BMR of 200 watts. Time to fatigue
was linearly related to BMR as given by

Time to fatigue = 1.45 x + 131.67 r2 = 0.98

where x = BMR (other parameters held at standard values).

According to this equation, six hour CWI could be withstood without reaching fatigue with a
BMR of at least 159 watts under standard test conditions. Figures 35-37 contain plots of Tre, Tcn
and Tk. Note that Tcn and T at fatigue were relatively evenly distributed with respect to BMR.
The fatigue level T k showed less variation than the other temperatures - ranging from 20.8oC (at
50 watts) to 21.5o0 (at 200 watts).

BMR Tre Tcn Time to Initial Max Time to Tre at Tsk at
(watts) (min) (min) Fatigue HR HR Max HR EOI (0C) EOI (0C)

(min)

50 185 95 210 60 80 170 34.9 20.7
100 180 265 65 85 200 35.2 20.8
150 * * 355 71 91 240 35.6 21.0
200 nf nf nf 71 97 290 36.4 21.5

TABLE 20. Heart rates and time (minutes) to reach critical temperatures and fatigue and T and
T k at the end of 40OF CWI (E0I) while varying basal metabolic rate. Standard
BiR was 100 watts. *: Model predicted fatigue before reaching critical
temperature; rf. no fatigue after 6 hours.
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4. Exercise Metabolic Rate (EMR):

a. As EMR increased, there was a point of inflection between 100 and 250
BTU/hr. At 250 and 500 BTU/hr, the time to fatigue apparently increased, while the Model
stopped computations because the arterial temperature dropped to 32.50C. This indicated that
the modelled individual would be in serious danger. Yet at 750 and 1000 BTU/hr, the Model
completed the 6 hour CWI. Because of the change in inflection of the fatigue times and the
reversal of declining trend in Ten and Tre critical temperature times, Model outputs at 250
BTU/hr and above under standard test conditions are of questionable accuracy. Table 21 contains
a summary of the results.

b. Heat generation was estimated to be greater than the standard Model
output at all EMR greater than I BTU/hr. Predicted skin heat loss increased as EMR increased.
Only the HTC for the hand increased as EMR rose. Predicted Tsk remained above the 15oC limit
for all tested EMR.

EMR Tre Tcn Time to Initial Max Time to Tre at Tsk at
(BTU/hr) (min) (min) Fatigue HR HR Max HR E01 (0 C) EQI (°C)

(min)

1 * 180 265 65 85 200 35.2 20.8
50 * 135:1 250 62 87 190 35.0 21.1

100 230 120 245 65 89 190 34.9 21.1
250 190 100 275+ 67 94 180 33.4 19.7
500 245 100 295+ 68 100 185 33.7 20.8
750 335 140 nf 69 105 200 33.9 21.2

1000 nf nf nf 70 109 235 35.9 23.7

TABLE 21. Heart rates and time (minutes) to reach critical temperatures and fatigue and Tre and
Ti, at the end of 40OF CWI (EOI) with varying exercise metabolic rates. Standard
EMR was 1 BTU/hr. *: Model fatigued before reaching critical temperature; nf no
fatigue after 6 hours; +: Model reached 32.50C arterial temperature and ceased
computation.

5. Exercise Metabolic Distribution (EMD):

a. Absolutely no difference was demonstrated in any Model end point for
any of the tested distributions under standard CLO and EMR conditions. Since negligible
exercise was included in the standard Model conditions, to further test EMD, these runs were
repeated using an exercise metabolic rate of 50 BTU/hr. Results from these tests are shown in
Table 22. When the arms contributed a greater proportion to overall exercise metabolism relative
to the legs, predicted time to fatigue shortened along with a decrease in Tre and Tcn and an
increase in Tsk at fatigue. Time to reach critical Tre was also predicted to decr ease. Simulating
an increase in upper body exercise relative to the lower body (run D) differed slightly from
standard distribution at 50 BTU/hr (difference in Tre at fatigue was only 0.1%).
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EMD Tne Tqn Time to Initial Max Time to Te at Tsk at
Class (min) (min) Fatigue HR HR Max HR EOI (0C) EOI (0C)

(mm)

STD 19 10 265 65I 85 200 35.2 20.8
STD50 135 250 62 87 190 35.0 21.1

A 239 125 244 66 88 195 35.0 21.2
B 225 110 240 65 88 190 34.9 21.2
C 210 115 236 65 190 34.9 21.2
D 246 130 247 65 88 190 35.0 21.1

TABLE 22. Heart rates (HR), time (minutes) to reach critical temperatures and fatigue and Tre
and Tsk at the end of 40OF CWI (EOI) while varying FEMD (defined in Table 11)
with an EMR of 50 BTU/hr. STD: standard distribution; STD50: standard
distribution at EMR = 50 BTU/hr; *: Model predicted fatigue before reaching
critical temperature.

6. Wind speed (WSPD):

a. As WSPD increased, estimated time to fatigue remained at 265 minutes
(at 10 mph and greater, fatigue occurred at 260 minutes). Predicted starting and maximum heart
rates were essentially unchanged. All HTC were greater than standard - at 8 mph and above, the
increase was at least twofold. Skin heat loss rate was slightly greater than under standard Model
conditions. Loss of heat through the respiratory tract was unchanged. Critical Tre and Tsk were
not reached prior to fatigue. Tcn reached 350 C after 180 minutes (4 and 6 mph) and 175 minutes
(8 mph and above). Plots of these temperatures show essentially no effect of wind at these speeds
during head-out immersion. Note that running the Model with a zero wind speed produced
invalid results. Calculated CLO values were unreasonably large, essentially no shivering occurred
during 6 hours of 40OF CWI, HTCs were very small, surface and skin heat loss and heat
generation were very low and the Model predicted that sweat would be generated (Model variable
SWEAT was non-zero).

b. In cold air environments, however, wind speed may become an
important factor in an individual's ability to tolerate cold stress. The Model accounts for the
lower thermal conductivity of air relative to water by increasing effective CLO values and
reducing segment convective HTC. To accommodate the effects of increasing wind speed, the
Model proportionately modulates these changes, resulting in smaller increases in CLO and less
reduction in HTC. For example, the effective segment CLO values in water and air (wind speed
at 2 mph) are as follows:

Segmen hest Abdomen Head Arm Hand Le I Foot
Wet CLO: 0.81 0.81 4.16 0.10 1 0.10 1 0.61 0.50
Air CLO: 1.40 1.39 4.85 0.55 0.50 1.15 0.98

With a 40 mph WSPD in air, effective segment CLO values became:

I Segment: I Chest I Abdomen I Head I Arm I Hand I Leg I FootI
AirCLO: 1 0.91 0.91 4.26 1 0.18 0.17 0.70 0.59
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7. Comparison of Model predictions at 28 and 40°F water temperatures

Figures 38-45 contain graphs of segment temperature change versus time
to fatigue using the standard 62/P configuration, including arterial, head, chest, abdomen, upper
arn, forearm, thigh and calf temperatures plotted at both water temperatures. The overall shapes
of the curves at 28 and 40OF were essentially the same - except that the 28OF temperatures were
lower and the time to fatigue was shorter than the 40OF run.

IV. DISCUSSION

A. Segment CLO Assessment

1. Estimated thermal end points were effected by changes in body segment CLO.
When ordered from most to least sensitive, these were the chest and abdomen, leg, head, arm,
foot and hand. As CLO values were reduced, the change in leg, chest and abdomen, and arm
segment temperatures, T., T k and T n were fairly linearly distributed. Change in foot CLO
values from 0.01 to 1.0 had reatively ihttle effect on Tsk. Thermal endpoints based on foot
insulation values were also less sensitive to very low CLOs (<0.1) as compared to the other body
segments (excluding the hands). Varyin, hand CLOs between 0.01 to 0.15 had no effect
whatsoever.

2. Based on Model predictions, one needed to increase lower limb insulation to a
relatively smaller degree, as compared to the chest and abdomen, to achieve the 6 hour CWI goal.
When related to standard CLO values, it required an increase iA, chest and abdomen CLO of 0.9
(113% increase) as compared to a 0.35 increase (350%) in arm and hand CLO and a 0.5 to 0.6
increase (83 to 100%) in leg CLO. An optimal distribution of insulation covering the various
body regions would judiciously apply these results giving due consideration to the effects
increased bulk would have on dexterity and comfort in flight.

3. The only segments in these CLO tests in which T k reached 150C or less in
40OF water were the abdomen and chest, suggesting that the skin ofthe torso was less resistant to
CWI than the limbs. However, the results from the head coverage runs indicated that the major
drivers for Tsk were (in order) the head, the torso, then the legs. This result was somewhat
surprising given that the Model used the Hardy-Dubois equation to calculate Tsk which uses a
weighted sum given by

Tsk = 0.27 Tchest + 0.16 T1 high + 0.16 Tcalf+ 0.11 Thand + 0.09 Tabdomen + 0.07 Thead +
0.07 Tbiceps + 0.07 Tforearm

B. Physical, Exercise and Environmental Characteristics Assessment

1. The Model was the most sensitive to changes in mean skinfold thickness in
terms of its effect on both temperature magnitude and time to fatigue. As MST increased, so did
the predicted ability to tolerate cold water stress. The Model estimated that an individual with a
MST of 18.6 mm or greater would tolerate a 6 hour CWI under the standard conditions.

2. Increasing body weight reduced estimated cold water tolerance. For
individuals in the 7 5 th weight percentile, T1e was predicted to drop below critical levels while
immersed in 40OF water, while the Te of lighter weight people remained above 35oC. Predicted
Tsk was relatively insensitive to changes in body weight. From the 5th to the 95th percentile,
estimated Tsk only dropped by about 0.50 C. These results suggest that individuals with low body
weight and high MST (such as females) should have a higher tolerance to CWI.
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3. Since time to fatigue was directly related to the ability of the metabolism to
continue to shiver, changes in basal metabolic rate also directly effected Model performance. As
BMR increased, T.e and Ten rose and 6 hour CWI could theoretically be withstood with a BMR
of 159 watts. However, Tsk was relatively insensitive to changes in BMR. As BMR increased
from 50 to 200 watts, Tsk only rose 0.70C.

4. It was found that under the conditions tested in this study, one could not
increase the simulated exercise metabolic rate beyond 100 BTU/hr with reliable results. As EMR
was increased up to 100 BTU/hr, time to fatigue and T. dropped. This was to be expected given
that fatigue was tied directly to ability of the body to continue to shiver and generate heat
internally. Therefore, a higher EMR may expend metabolic reserves more quickly as compared to
the standard condition.

5. Changing the exercise metabolic distribution had no effect, as expected, while
in a relaxed sitting posture. In this one case, we varied two parameters together to determine the
effects of EMD by running the four distributions with an EMR of 50 BTU/hr. It was found that
as the arms performed more of the simulated work relative to the legs, fatigue occurred more
quickly, T dropped and reached critical levels faster. Model output predictions were roughly
equal for tie case of primarily upper body exercise versus primarily leg exercise.

6. The relative insensitivity to increasing wind speed was expected under
conditions of head-out CWI. this was due to the much greater thermal conductivity of water as
compared to air. In effect, the ability of the water to extract heat from the subject eliminated any
effects of high wind speed.
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FIGUPE 38. Predicted arterial temperature under standard test
conditions during 28 and 40F CLJI.

35.5

OiO

CP
335

323

050 100 150 200 250

Time to Fatigue (minutes)

76



NAWCADWAR-93069-60

34

33. .. ..............- .---------- ...... ..-- -

32- 4W

31-

: 30 ........... ....... -- ' -........ . .- .....

q29-

*28-

276 -1-.. ............ ... ....----
25 ,y, u r............r, rrT rr r rrrr0... 50..100...150....200...250.

rime to Fatigue (minutes)

FIGUPE 40. Predicted chest temperature under standard test
conditions during 28 and 40F CLII.

36-

34(
3 2 .. ...................... .. ... ........ ........... ...............

U 30 .............. ....... .... ...... ... ..... ... ......

. ...... ... .............

2 8 - ............................ ............ .. ..

26 28 ........ .......................... ................ .............

~20 'i

0 5010152020
rime to Fatigue (minutes)

FIGUPE 41. Predicted abdomen temperature under standard test
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FIGUPE 42. Predicted upper arm temperature under standard test
conditions during 28 and 40F CWI.
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FIGURE 45. Predicted calf temperature under standard test
conditions during 28 and 40F CUJI.
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NWUNA UfJECT No.: I SEX: Note MODEL PREDICTIONS for U3JECY No.: 1
SUIT: FITZ RIGNT WATER TEMP: 31.46 dog F

TIME A80(MM MAiND FOOT ABDOIEMN NANO FOOT *100111 NAND FOOT AIDONE MANO FOOT
mnn (Actual temp.) (Change in tge.) (Estimated temp.) (Change in tomp.)

............--....... -.....- .. o .... ....... ...... . -.... --........................... ............... . . .

0 34.20 30.80 30.80 0.00 0.00 0.00 34.75 32.70 35.7? 0.00 0.00 0.00
15 33.50 29.30 29.80 -0.70 -1.50 -1.00 32.62 26.27 31.13 -2.13 -6.43 -4.64
30 33.00 26.40 29.50 -1.20 -4.40 -1.30 31.10 23.29 29.21 -3.65 -9.41 -6.56

45 32.20 24.20 28.50 -2.00 -6.60 -2.30 30.51 20.84 27.75 -4.24 -11.86 -7.99
60 31.60 22.80 27.00 -2.60 -8.00 -3.80 30.28 18.77 26.58 -4.47 -13.93 -9.19
75 31.10 21.40 26.20 -3.10 -9.40 -4.60 30.16 17.01 25.53 -4.59 -15.69 -10.24
90 31.10 21.60 24.30 -3.10 -9.20 -6.50 30.11 15.51 24.61 -4.64 -17.19 -11.16

105 30.60 20.60 22.40 -7.60 -10.20 -8.40 30.12 14.26 23.81 -4.63 -18.44 -11.96
120 30.80 21.20 20.90 -3.40 -9.60 -9.90 30.15 13.21 23.11 -4.60 -19.49 -12.66
135 30.80 19.50 19.00 -3.40 -11.30 -11.80 30.19 12.34 22.49 -4.56 -20.36 -13.28
150 30.90 19.50 17.50 -3.30 -11.30 -13.30 30.23 11.62 21.95 -4.52 -21.08 -13.82
165 30.60 18.50 17.00 -3.60 -12.30 -13.80 30.27 11.02 21.48 -4.48 -21.68 -14.29
180 31.00 18.00 16.00 -3.20 -12.80 -14.80 30.30 10.53 21.07 -4.45 -22.17 -14.70
195 30.60 16.00 16.00 -3.60 -14.80 -14.80 30.32 10.11 20.70 -4.43 -22.59 -15.07
210 31.10 16.50 15.50 -3.10 -14.30 -15.30 30.34 9.77 20.38 -4.41 -22.93 -15.39
225 30.70 15.00 16.50 -3.50 -15.80 -14.30 30.36 9.49 20.10 -4.39 -23.21 -15.67
240 31.10 16.50 16.50 -3.10 -14.30 -14.30 30.37 9.26 19.86 -4.38 -23.44 -15.91
255 31.10 14.80 17.00 -3.10 -16.00 -13.80 30.38 9.06 19.64 -4.37 -23.64 -16.13
270 30.90 16.00 16.00 1 -3.30 -14.80 -14.80 30.39 8.90 19.45 -4.36 -23.80 -16.32
285 30.80 14.00 15.50 -3.40 -16.80 -15.30 30.40 8.77 19.28 -4.35 -23.93 -16.49
300 31.00 15.00 15.50 1 -3.20 -15.80 -15.30 30.41 8.65 19.13 -4.34 -24.05 -16.64
315 31.20 13.00 15.50 1 -3.00 -17.80 -15.30 30.41 8.56 19.00 -4.34 -24.14 -16.77
330 31.80 13.00 15.00 1 -2.40 -17.80 -15.80 30.41 8.49 18.88 -4.34 -24.21 -16.89
345 32.20 11.50 14.50 1 -2.00 -19.30 -16.30 30.42 8.42 18.78 -4.33 -24.28 -16.99
360 32.50 12.50 14.50 1 -1.70 -18.30 -16.30 30.42 8.37 18.68 1 -4.33 -24.33 -17.09

TABLE Al. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu 1 with

Nlodat predictions. Actuat temperatures and change from initial temperatures are given.
Data from group P1-6m: mate subjects completing entire 360 minute immersion.
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HUMAN SIUJECT Mo.: 3 SEX: Nate NODEL PREDICTIONS for SUJECT No.: 3
SUIT: BAYLEY WATER TEIP: 31.46 dug F

TIME AIDOMEN NANO FOOT IAIDIOEN HANO FOOT ABDOMEN HMAO FOOT AMONEN HAND FOOT
min (Actual temp.) (Change in tow.) (Estimated temp.) (change in teap.)

----------..........-----.............................. 4. ......--------

0 31.10 28.10 31.10 0.00 0.00 0.00 34.75 32.70 35.77 0.00 0.00 0.00
15 30.10 26.30 31.00 -1.00 -1.80 -0.10 32.61 26.25 31.12 -2.14 -6.45 -4.65
30 30.20 24.80 30.70 -0.90 -3.30 -0.40 31.07 23.22 29.20 -3.68 -9.48 -6.57
45 29.20 23.20 30.30 -1.90 -4.90 -0.80 30.47 20.76 27.78 -4.28 -11.94 -7.99
60 28.70 23.00 29.70 -2.40 -5.10 -1.40 30.22 18.67 26.57 -4.53 -14.03 -9.20
75 28.90 21.70 28.40 -2.20 -6.40 -2.70 30.09 16.90 25.52 -4.66 -15.80 -10.25
90 25.40 20.20 27.60 -2.70 -7.90 -3.50 30.0. 15.41 24.62 -4.71 -17.29 -11.15

105 28.80 19.00 26.80 -2.30 -9.10 -4.30 30.05 14.13 23.83 -4.70 -18.57 -11.94
120 29.20 18.50 26.60 -1.90 -9.60 -4.50 30.08 13.09 23.15 -4.67 -19.61 -12.62
135 29.20 16.50 24.70 -1.90 -11.60 -6.40 30.13 12.22 22.55 -4.62 -20.48 -13.22
150 29.30 16.50 23.70 -1.80 -11.60 -7.40 30.17 11.49 22.02 -4.58 -21.21 -13.75
165 29.30 15.00 22.70 -1.80 -13.10 -8.40 30.20 10.90 21.57 -4.55 -21.80 -14.20
180 29.40 13.50 21.00 -1.70 -14.60 -10.10 30.24 10.41 21.17 -4.51 -22.29 -14.60
195 29.30 12.50 20.10 -1.80 -15.60 -11.00 30.26 10.01 20.82 -4.49 -22.69 -14.95
210 29.40 12.50 19.50 -1.70 -15.60 -11.60 30.28 9.67 20.51 -4.47 -23.03 -15.26
225 29.60 13.00 19.00 -1.50 -15.10 -12.10 30.30 9.40 20.24 -4.45 -23.30 -15.53
240 29.40 13.00 19.50 -1.70 -15.10 -11.60 30.31 9.17 20.01 -4.• -23.53 -15.76
255 29.20 13.20 21.40 -1.90 -14.90 -9.70 30.33 8.98 19.80 -4.42 -23.72 -15.97
270 29.20 13.00 21.20 1 -1.90 -15.10 -9.90 30.33 8.83 19.62 1 -4.4.2 -23.87 -16.15
285 28.80 12.50 20.90 1 -2.30 -15.60 -10.20 30.34 8.70 19.46 1 -4.41 -24.00 -16.31
300 29.10 13.00 19.50 1 -2.00 -15.10 -11.60 30.35 8.59 19.32 1 -4.40 -24,11 -16.45
315 29.10 13.00 19.00 1 -2.00 -15.10 -12.10 30.35 8.51 19.19 1 -4.40 -24.19 -16.58
330 29.10 12.50 18.00 1 -2.00 -15.60 -13.10 30.36 8.43 19.08 1 -4.39 -24.27 -16.69
345 29.10 12.50 17.00 1 -2.00 -15.60 -14.10 30.36 8.38 18.99 1 -4.39 -24.32 -16.78
360 29.30 12.50 17.50 1 -1.80 -15.60 -13.60 30.36 8.33 18.90 1 -4.39 -24.37 -16.87

TABLE A2. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu I with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-6m: mate subjects completing entire 360 minute immersion.
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HUMAN SUBJECT No.: 6 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 6
SUIT: UOBO 15 WATER TENP: 31.46 des F

T11E AUDOQIF MAUD FOOT IAIDGMEM HAND FOOT AIOGEM lAID FOOT IAIOMEi MAiO FOOT
min (Actual tamp.) (Change in temp.) (Estimated temp.) (Change in tap.)

0 31.50 30.40 27.80 0.00 0.00 0.00 34.75 32.70 35.77 0.00 0.00 0.00
15 31.10 27.80 25.10 -0.40 -2.60 -2.70 32.70 26.27 31.15 -2.05 -6.43 -4.62
30 31.00 25.30 25.80 -0.50 -5.10 -2.00 31.20 23.22 29.21 -3.55 -9.48 -6.56
45 31.60 22.40 24.40 0.10 -8.00 -3.40 30.62 20.75 27.79 -4.13 -11.95 -7.96
60 31.90 20.40 23.40 0.40 -10.00 -4.40 30.41 18.65 26.58 -4.34 -14.05 -9.19

75 31.50 19.00 22.70 0.00 -11.40 -5.10 30.32 16.87 25.53 -4.43 -15.83 -10.24
90 31.10 18.00 20.90 -0.40 -12.40 -6.90 30.30 15.37 24.63 -4.45 -17.33 -11.14

105 31.10 17.00 18.00 -0.40 -13.40 -9.80 30.32 14.09 23.84 -4.43 -18.61 -11.93
120 31.00 17.00 17.50 -0.50 -13.40 -10.30 30.37 13.04 23.16 -4.38 -19.66 -12.61
135 30.80 16.00 15.00 -0.70 -14.40 -12.80 30.42 12.17 22.56 -4.33 -20.53 -13.21
150 30.50 17.00 14.50 -1.00 -13.40 -13.30 30.46 11.45 22.04 -4.29 -21.25 -13.73
165 30.20 16.00 13.50 -1.30 -14.40 -14.30 30.50 10.86 21.58 -4.25 -21.84 -14.19
180 30.00 16.00 13.50 -1.50 -14.40 -14.30 30.53 10.36 21.19 -4.22 -22.34 -14.58
195 30.10 17.00 12.50 -1.40 -13.40 -15.30 30.56 9.96 20.84 -4.19 -22.74 -14.93
210 30.50 15.00 12.00 -1.00 -15.40 -15.80 30.58 9.63 20.54 -4.17 -23.07 -15.23
225 29.90 15.00 12.00 -1.60 -15.40 -15.80 30.59 9.35 20.27 -4.16 -23.35 -15.50
240 30.10 15.50 12.00 -1.40 -14.90 -15.80 30.61 9.13 20.04 -4.14 -23.57 -15.73
255 30.20 14.70 11.30 -1.30 -15.70 -16.50 30.62 8.94 19.84 -4.13 -23.76 -15.93
270 30.10 14.20 11.30 1 -1.40 -16.20 -16.50 30.63 8.79 19.66 " -4.12 -23.91 -16.11
285 30.50 13.50 11.50 1 -1.00 -16.90 -16.30 30.64 8.66 19.50 -4.11 -24.04 -16.27
300 31.00 12.50 11.50 -0.50 -17.90 -16.30 30.64 8.56 19.36 1 -4.11 -24.14 -16.41
315 30.30 12.50 11.50 1 -1.20 -17.90 -16.30 30.65 8.47 19.24 -4.10 -24.23 -16.53
330 31.00 12.00 11.00 1 -0.50 -18.40 -16.80 30.65 8.40 19.13 1 -4.10 -24.30 -16.64
345 30.40 11.00 10.00 1 -1.10 -19.40 -17.80 30.65 8.34 19.04 1 -4.10 -24.36 -16.73
360 30.40 11.50 10.00 1 -1.10 -18.90 -17.80 30.65 8.29 18.96 1 -4.10 -24.41 -16.81

TABLE A3. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-6m: male subjects completing entire 360 minute immersion.
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NUIAN SUBJECT NO.: 8 SEX: Nale NOVEL PREDICTIONS for SUBJECT No.: 8
SUIT: IMPERIAL WATER TEMP: 31.28 deg F

TIME AOCMEN NAND FOOT JABOaMEN NAND FOOT ABGMEN NAND FOOT IAIDOMEN NAND FOOT
min (Actual tomp.) (Change in tap.) (Estimated temp.) (Change in top.)

...................................................................... .....................

0 31.60 30.20 29.20 0.00 0.00 0.00 34.75 32.69 35.76 0.00 0.00 0.00
15 30.90 28.60 28.00 -0.70 -1.60 -1.20 32.04 26.22 31.10 -2.71 -6.47 -4.66
30 30.50 26.20 26.50 1 -1.10 -4.00 -2.70 30.37 23.24 29.21 -4.38 -9.45 -6.55
45 29.90 22.70 25.20 1 -1.70 -7.50 -4.00 29.54 20.82 27.78 -5.21 -11.87 -7.98
60 29.90 21.00 24.10 -1.70 -9.20 -5.10 29.05 18.75 26.57 -5 -o -13.94 -9.19
75 29.40 17.50 23.50 1 -2.20 -12.70 -5.70 28.74 16.99 25.54 -6.01 -15.70 -10.22
90 28.00 17.50 22.80 1 -3.60 -12.70 -6.40 28.55 15.51 26.64 -6.20 -17.18 -11.12

105 28.20 15.00 21.80 1 -3.40 -15.20 -7.40 28.4" 14.26 23.85 -6.31 -18.43 -11.91
120 29.30 13.60 21.00 I -2.30 -16.60 -8.20 28.39 13.23 23.16 -6.36 -19.46 -12.60
135 29.50 12.40 20.20 -2.10 -17.80 -9.00 28.37 12.37 22.55 -6.38 -20.32 -13.21
150 28.30 12.00 19.00 1 -3.30 -18.20 -10.20 28.37 11.65 22.02 -6.38 -21.04 -13.74
165 26.10 12.50 19.00 -5.50 -17.70 -10.20 28.38 11.06 21.55 -6.37 -21.63 -14.21
180 28.60 12.00 17.00 1 -3.00 -18.20 -12.20 28.39 10.57 21.13 -6.36 -22.12 -14.63
195 28.00 12.00 17.50 1 -3.60 -18.20 -11.70 28.41 10.16 20.77 -6.34 -22.53 -14.99
210 27.50 12.50 17.50 1 -4.10 -17.70 -11.70 28.42 9.82 20.45 -6.33 -22.87 -15.31
225 27.60 12.50 17.00 1 -4.00 -17.70 -12.20 28."4 9.54 20.16 -6.31 -23.15 -15.60
240 27.80 12.50 17.50 -3.80 -17.70 -11.70 28.45 9.31 19.91 -6.30 -23.38 -15.85
255 27.80 12.50 18.00 1 -3.80 -17.70 -11.20 28.47 9.11 19.68 -6.28 -23.58 -16.08
270 28.20 12.50 19.00 -3.40 -17.70 -10.20 28.48 8.96 19.49 1 -6.27 -23.73 -16.27
285 27.90 12.50 19.00 1 -3.70 -17.70 -10.20 28.48 8.82 19.31 1 -6.27 -23.87 -16.45
300 27.80 12.00 18.50 -3.80 -18.20 -10.70 28.49 8.71 19.15 1 -6.26 -23.98 -16.61
315 28.30 12.10 18.50 1 -3.30 -18.10 -10.70 28.50 8.62 19.02 1 -6.25 -24.07 -16.74
330 28.70 12.00 18.00 -2.90 -18.20 -11.20 28.50 8.54 18.89 1 -6.25 -24.15 -16.87
345 28.70 12.00 17.50 1 -2.90 -18.20 -11.70 28.51 8.48 18.78 1 -6.24 -24.21 -16.98
360 28.70 12.50 17.00 1 -2.90 -17.70 -12.20 28.51 8.43 18.69 1 -6.24 -24.26 -17.07

TABLE A4. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petlapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group Pl-6m: mate subjects completing entire 360 minute immersion.
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IUAMA SUBJECT No.: 13 SEX: Male NWOEL PREDICTIONS for SUBJECT No.: 13
SUIT: BAYLEY WATER TEMP: 31.01 deg F

TINE MAOMEN MANA FOOT IABDIAEN MANA FOOT AUOOEM KAMA FOOT IABDAEM MANA FOOT
sin (Actuat top.) (Change in to".) (Estimated tem.) (Change in temp.)

.- - -.... . . . . ............... . . . . ....... .°...... ..... o -- - - - -- - - - -- - - - - -- - - - -- - - - -...• ,. ..... o°.... ..... ....

0 32.80 29.20 28.80 0.00 0.00 0.00 34.75 32.70 35.77 0.00 0.00 0.00
15 32.50 27.50 28.30 -0.30 -1.70 -0.50 32.04 26.22 31.08 -2.71 -6.48 -4.69
30 32.40 26.20 27.90 -0.40 -3.00 -0.90 30.49 23.26 29.17 -4.26 -9." -6.60
45 32.30 23.20 26.60 -0.50 -6.00 -2.20 29.78 20.86 27.74 -4.97 -11.84 -8.03
60 32.40 22.50 25.80 -0.40 -6.70 -3.CD 29.37 18.80 26.53 -5.38 -13.90 -9.24
75 32.40 21.40 24.00 -0.40 -7.80 -4.80 29.13 17.04 25.48 -5.62 -15.66 -10.29
90 32.30 20.90 24.30 -0.50 -8.30 -4.50 28.99 15.56 24.56 -5.76 -17.14 -11.21

105 32.30 19.20 23.50 -0.50 -10.00 -5.3J 28.92 14.31 23.75 -5.83 -18.39 -12.02
120 32.50 18.50 23.40 -0.30 -10.70 -5.40 28.89 13.28 23.04 -5.86 -19.42 -12.73
135 32.50 17.40 24.50 -0.30 -11.80 -4.30 28.89 12.41 22.41 -5.86 -20.29 -13.36
150 32.50 15.70 24.50 -0.30 -13.50 -4.30 28.91 11.68 21.86 -5.84 -21.02 -13.91
165 32.50 15.10 26.50 -0.30 -14.10 -2.30 28.93 11.08 21.37 -5.82 -21.62 -14.40
180 31.50 15.00 27.10 -1.30 -14.20 -1.70 28.95 10.57 20.94 -5.80 -22.13 -14.83
195 30.70 14.50 27.20 -2.10 -14.70 -1.60 28.97 10.15 20.56 -5.78 -22.55 -15.21

210 30.30 14.00 25.80 -2.50 -15.20 -3.00 28.99 9.80 20.22 -5.76 -22.90 -15.55
225 30.30 13.90 24.90 -2.50 -15.30 -3.90 29.00 9.51 19.92 -5.75 -23.19 -15.85

240 30.90 14.50 25.30 -1.90 -14.70 -3.50 29.01 9.26 19.66 -5.74 -23.44 -16.11
255 30.90 14.00 26.10 -1.90 -15.20 -2.70 29.03 9.06 19.42 -5.72 -23.64 -16.35
270 30.80 13.50 25.30 -2.00 -15.70 -3.50 29.03 8.89 19.22 -5.72 -23.81 -16.55
285 30.90 12.90 24.50 1 -1.90 -16.30 -4.30 29.04 8.74 19.03 -5.71 -23.96 -16.74
300 31.10 12.50 23.90 1 -1.70 -16.70 -4.90 29.05 8.62 18.87 -5.70 -24.08 -16.90

315 31.50 12.90 22.70 1 -1.30 -16.30 -6.10 29.05 8.53 18.72 -5.70 -24.17 -17.05
330 32.10 12.40 21.90 -0.70 -16.80 -6.90 29.06 8.44 18.59 -5.69 -24.26 -17.;8
345 32.00 12.00 21.60 -0.80 -17.20 -7.20 29.06 8.37 18.48 -5.69 -24.33 -17.29
360 31.70 12.00 21.10 1 -1.10 -17.20 -7.70 29.06 8.32 18.38 -5.69 -24.38 -17.39

TABLE AS. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu I with

Model predictions. Actual temperatures and change from initiat temperatures are given.
Data from group P1-6m: male subjects completing entire 360 minute immersion.
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 2 SEX: Femlte MODEL PREDICTIONS for SUBJECT No.: 2
SUIT: NELLY HANSON WATER TEMP: 31.64 dog F

TIME ABDOMEN HAND FOOT gABOOMEN HAND FOOT ABOMEN HAND FOOT IABDOMEN HAND FOOT

min (Actual temp.) I (Change in temp.) (Estimated taop.) (Change in tonp.)

0 30.10 29.40 27.90 0.00 0.00 0.00 34.75 32.69 35.77 0.00 0.00 0.00

15 29.30 28.30 26.70 1 -0.80 -1.10 -1.20 31.93 26.16 31.01 -2.82 -6.53 -4.76
30 28.90 27.50 24.50 -1.20 -1.90 -3.40 30.17 23.25 29.14 -4.58 -9.44 -6.63
45 27.70 26.10 23.90 1 -2.40 -3.30 -4.00 29.17 20.90 27.75 -5.58 -11.79 -8.02
60 27.40 25.10 23.60 1 -2.70 -4.30 -4.30 28.53 18.90 26.58 -6.22 -13.79 -9.19
75 26.50 24.20 24.40 -3.60 -5.20 -3.50 28.11 17.19 25.58 -6.64 -15.50 -10.19
90 27.00 25.10 23.50 1 -3.10 -4.30 -4.40 27.82 15.74 24.71 -6.93 -16.95 -11.06

105 26.40 23.40 22.30 1 -3.70 -6.00 -5.60 27.61 14.52 23.93 -7.14 -18.17 -11.84
120 26.20 23.40 21.20 1 -3.90 -6.00 -6.70 27.46 13.51 23.26 -7.29 -19.18 -12.51
135 25.80 22.40 20.30 1 -4.30 -7.00 -7.60 27.36 12.66 22.65 -7.39 -20.03 -13.12
150 26.40 21.40 19.50 1 -3.70 -8.00 -8.40 27.29 11.94 22.12 -7.46 -20.75 -13.65
165 26.40 20.50 18.50 1 -3.70 -8.90 -9.40 27.25 11.36 21.65 -7.50 -21.33 -14.12
180 26.70 21.00 18.00 1 -3.40 -8.40 -9.90 27.23 10.86 21.23 -7.52 -21.83 -14.54
195 26.60 20.30 18.00 -3.50 -9.10 -9.90 27.22 10.46 20.87 -7.53 -22.23 -14.90
210 26.60 19.50 17.50 -3.50 -9.90 -10.40 27.21 10.11 20.54 -7.54 -22.58 -15.23
225 26.30 18.00 17.50 -3.80 -11.40 -10.40 27.22 9.83 20.25 -7.53 -22.86 -15.52
240 26.40 18.00 17.50 -3.70 -11.40 -10.40 27.22 9.59 19.99 -7.53 -23.10 -15.78
255 26.50 17.50 17.50 -3.60 -11.90 -10.40 27.23 9.39 19.76 -7.52 -23.30 -16.01
270 26.80 17.70 16.90 -3.30 -11.70 -11.00 27.23 9.23 19.56 1 -7.52 -23.46 -16.21
285 27.50 17.50 16.50 -2.60 -11.90 -11.40 27.24 9.09 19.38 1 -7.51 -23.60 -16.39
300 28.10 17.00 16.50 -2.00 -12.40 -11.40 27.25 8.98 19.22 1 -7.50 -23.71 -16.55
315 28.60 16.50 15.50 -1.50 -12.90 -12.40 27.25 8.89 19.07 1 -7.50 -23.80 -16.70
330 29.10 16.50 15.50 -1.00 -12.90 -12.40 27.26 8.81 18.94 1 -7.49 -23.88 -16.83

345 29.20 16.00 14.50 -0.90 -13.40 -13.40 27.26 8.74 18.83 1 -7.49 -23.95 -16.94
360 25.60 16.00 14.00 1 -4.50 -13.40 -13.90 27.27 8.69 18.73 1 -7.48 -24.00 -17.04

TABLE A6. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu 1 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-6f: female subjects completing entire 360 minute immersion.
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NAWCADWAR-93069.60

lI4UMAN SUBJECT No.: 5 SEX: Femora MODEL PREDICTIONS for SUBJECT No.: 5
SUIT: BAYLEY UATER TEMP: 31.28 dog F

TINE ABDOMEN NAND FOOT JOAIEMU WAND FOOT ASDGUN Mo FOOT JAION•ME NAND FOOT
min (Actual tap.) (Change in temp.) (Estimated tw.) I (Chaige in teop.)

......... ........... .......................................................................

0 32.80 26.30 30.50 0.00 0.00 0.00 34.75 32.69 35.76 1 0.00 0.00 0.00
15 32.00 24.40 29.10 -0.80 -1.90 -1.40 31.79 26.00 30.84 1 -2.96 -6.69 -4.92
30 31.70 23.10 28.20 -1.10 -3.20 -2.30 30.00 23.16 28.97 1-4.75 -9.53 -6.79
45 31.60 23.40 30.10 -1.20 -2.90 -0.40 28.92 20.87 27.59 1 -5.83 -11.82 -8.17
60 31.20 21.20 31.10 -1.60 -5.10 0.60 28.20 18.91 26.4. -6.55 -13.78 -9.32
75 30.80 16.00 27.30 -2.00 -10.30 -3.20 27.70 17.22 25.45 1 -7.05 -15.47 -10.31
90 30.20 15.00 30.20 -2.60 -11.30 -0.30 27.34 15.80 24.59 1 -7.41 -16.89 -11.17

105 30.40 14.50 26.40 -2.40 -11.80 -4.10 27.08 14.60 23.83 1 -7.67 -18.09 -11.93
120 29.60 13.00 25.60 -3.20 -13.30 -4.90 26.89 13.59 23.16 -7.86 -19.10 -12.60
135 29.20 12.50 24.00 -3.60 -13.80 -6.50 26.74 12.74 22.56 1 -8.01 -19.95 -13.20
150 29.20 11.80 23.60 -3.60 -14.50 -6.90 26.63 12.03 22.02 1 -8.12 -20.66 -13.74
165 29.10 11.50 22.00 -3.70 -14.80 -8.50 26.54 11.4" 21.54 1 -8.21 -21.25 -14.22
180 29.00 11.00 21.20 -3.80 -15.30 -9.30 26.48 10.93 21.10 1 -8.27 -21.76 -14.66
195 29.40 11.00 19.00 -3.40 -15.30 -11.50 26.43 10.52 20.72 1 -8.32 -22.17 -15.04
210 29.50 10.50 17.00 -3.30 -15.80 -13.50 26.39 10.16 20.38 1 -8.36 -22.53 -15.38
225 29.30 10.00 17.00 -3.50 -16.30 -13.50 26.37 9.86 20.07 1 -8.38 -22.83 -15.69
240 29.20 10.50 16.00 -3.60 -15.80 -14.50 26.36 9.61 19.80 1 -8.39 -23.08 -15.96
255 28.90 10.50 15.00 -3.90 -15.80 -15.50 26.35 9.40 19.56 1 -8.40 -23.29 -16.20
270 28.30 10.50 14.50 1 -4.50 -15.80 -16.00 26.34 9.23 19.35 1 -8.41 -23.46 -16.41
285 27.90 10.50 14.50 1 -4.90 -15.80 -16.00 26.34 9.08 19.15 1 -8.41 -23.61 -16.61
300 27.90 10.50 14.50 1 -4.90 -15.80 -16.00 26.34 8.95 id.98 -8.41 -23.74 -16.78
315 28.00 10.50 14.50 -4.80 -15.80 -16.00 26.34 8.85 18.83 1 -8.41 -23.84 -16.93
330 27.90 10.00 14.50 -4.90 -16.30 -16.00 26.35 8.76 18.69 1 -8.40 -23.93 -17.07
345 28.20 10.00 14.00 1 -4.60 -16.30 -16.50 26.35 8.69 18.57 1 -8.40 -24.00 -17.19
360 29.00 10.50 13.50 -3.80 -15.80 -17.00 26.35 8.63 18.46 1 -8.40 -24.06 -17.30

TABLE A7. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu 1 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-6f: female subjects completing entire 360 minute immersion.
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NAWCADWAR-93069-60

HUMAN SIWJECT No.: 7 SEX: Fetme NO1EL PREDICTIONS for VSUJECT No.: 7

SUIT: NRD 15 WATER TEMP: 31.64 dsg F
TIME AIMOMEN HANo FOOT ABUOWEN HAND FOOT AUON HAND FOOT IAUONEN HAND FOOT
win (Actual top.) (Change in tawm.) (Estimated teM.) (Change In top.)

....................................................................................................

0 33.20 30.40 28.80 1 0.00 0.00 0.00 34.75 32.69 35.76 0.00 0.00 0.00
15 33.20 29.40 28.30 1 0.00 -1.00 -0.50 31.97 26.14 30.99 -2.78 -6.55 -4.77

30 33.50 26.10 27.10 0.30 -4.30 -1.70 30.18 23.22 29.13 1 -4.57 -9.47 -6.63

45 33.10 23.50 26.50 -0.10 -6.90 -2.30 29.17 20.87 27.74 I-5.58 -11.82 -8.02
60 33.80 21.40 26.20 1 0.60 -9.00 -2.60 28.53 18.86 26.58 1 -6.22 -13.83 -9.18

73 33.20 19.00 25.30 1 0.00 -11.40 -3.50 28.10 17.15 25.58 1 -6.65 -15.54 -10.18

90 33.10 16.50 24.30 1 -0.10 -13.90 -4.50 27.82 15.71 24.72 1 -6.93 -16.98 -11.04
105 32.30 14.50 23.10 1 -0.90 -15.90 -5.70 27.61 14.48 23.95 -7.14 -18.21 -11.81
120 32.60 13.50 21.70 1 -0.60 -16.90 -7. 0 27.46 13.47 23.28 I -7.29 -19.22 -12.48
135 31.40 13.00 20.60 1 -1.80 -17.40 -8.20 27.36 12.61 22.68 1 -7.39 -20.08 -13.08
150 31.60 13.50 19.50 1 -1.60 -16.90 -9.30 27.28 11.90 22.15 1 -7.47 -20.79 -13.61
165 31.10 12.50 19.00 1 -2.10 -17.90 -9.80 27.24 11.32 21.69 1 -7.51 -21.37 -14.07

180 31.40 12.50 17.50 1 -1.80 -17.90 -11.30 27.21 10.83 21.28 1 -7.54 -21.86 -14.48
195 31.00 12.50 16.50 1 -2.20 -17.90 -12.30 27.19 10.42 20.91 1 -7.56 -22.27 -14.85
210 30.90 12.50 16.50 1 -2.30 -17.90 -12.30 27.19 10.08 20.59 -7.56 -22.61 -15.17
225 30.60 13.00 16.00 1 -2.60 -17.40 -12.80 27.19 9.79 20.30 1 -7.56 -22.90 -15.46
240 30.80 12.50 15.50 1 -2.40 -17.90 -13.30 27.19 9.56 20.05 I -7.56 -23.13 -15.71
255 31.60 12.50 15.00 -1.60 -17.90 -13.80 27.20 9.36 19.82 1 -7.55 -23.33 -15.94
270 31.90 11.50 14.30 1 -1.30 -18.90 -14.50 27.20 9.32 19.62 1 -7.55 -23.37 -16.14
285 32.00 12.50 15.00 1 -1.20 -17.90 -13.80 27.21 9.07 19.44 -7.54 -23.62 -16.32
300 31.90 11.50 14.00 1 -1.30 -18.90 -14.80 27.22 8.95 19.29 1 -7.53 -23.74 -16.47
315 31.70 12.50 14.50 1 -1.50 -17.90 -14.30 27.22 8.86 19.14 1 -7.53 -23.83 -16.62
330 31.80 11.50 14.00 1 -1.40 -18.90 -14.80 27.23 8.78 19.02 1 -7.52 -23.91 -16.74
345 31.90 13.00 15.00 1 -1.30 -17.40 -13.80 27.23 8.72 18.91 1 -7.52 -23.97 -16.85

360 32.40 12.50 14.50 1 -0.80 -17.90 -14.30 27.24 8.66 18.81 1 -7.51 -24.03 -16.95

TABLE AS. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu I with

Model predictions. Actual temperatures and change from initial temperatures are given.

Data from group P1-6f: female subjects completing entire 360 minute immersion.
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NAWCADWAR-93069-60

IUUAN SUBJECT No.: 17 SEX: Feanst NODEL PREDICTIONS for SUBJECT No.: 17
SUIT: HELLY RANSON WATER TEMP: 31.28 dug F

TIME AllO AEN MO FOOT A N MAOD FOOT MOIMEN IMiD FOOT IAUDO•EN HAND FOOT

min (Actual tamp.) I (Change in temp.) (Estimated temp.) I (Change in temp.)

0.00 30.40 27.10 26.40 1 0.00 0.00 0.00 34.75 32.70 35.77 1 0.00 0.00 0.00
15.00 29.80 26.60 25.80 -0.60 -0.50 -0.60 32.47 26.24 31.10 1 -2.28 -6.46 -4.67
30.00 29.10 24.10 24.10 1 -1.30 -3.00 -2.30 30.84 23.23 29.18 1 -3.91 -9.47 -6.59
45.00 28.60 28.90 22.00 1 -1.80 1.80 -4.40 30.18 20.80 27.76 1 -4.57 -11.90 -8.01
60.00 27.50 27.60 27.60 1 -2.90 0.50 1.20 29.84 18.73 26.55 1 -4.91 -13.97 -9.22
75.00 27.00 18.00 23.20 1 -3.40 -9.10 -3.20 29.65 16.96 25.50 -5.10 -15.74 -10.27
90.00 26.10 16.50 26.10 1 -4.30 -10.60 -0.30 29.56 15.47 24.59 -5.19 -17.23 -11.18

105.00 25.70 16.50 23.60 1 -4.70 -10.60 -2.80 29.54 14.21 23.79 1 -5.21 -18.49 -11.98
120.00 25.20 15.00 24.10 1 -5.20 -12.10 -2.30 29.55 13.17 23.10 1 -5.20 -19.53 -12.67
135.00 25.10 15.00 23.00 1 -5.30 -12.10 -3.40 29.58 12.30 22.49 1 -5.17 -20.40 -13.28
151.00 24.70 14.60 21.90 1 -5.70 -12.50 -4.50 29.62 11.58 21.95 -5.13 -21.12 -13.82
165.00 24.90 15.20 22.70 1 -5.50 -11.90 -3.70 29.65 10.99 21.48 -5.10 -21.71 -14.29
180.00 24.50 15.00 22.00 1 -5.90 -12.10 -4.40 29.68 10.49 21.07 1 -5.07 -22.21 -14.70
195.00 23.70 15.00 21.30 1 -6.70 -12.10 -5.10 29.71 10.08 20.70 -5.04 -22.62 -15.07
210.00 22.40 14.50 20.20 1 -8.00 -12.60 -6.20 29.73 9.74 20.38 -5.02 -22.96 -1539
225.00 22.50 15.00 19.50 -7.90 -12.10 -6.90 29.75 9.46 20.10 -5.00 -23.24 -15.67
240.00 21.80 15.00 21.40 -8.60 -12.10 -5.00 29.77 9.23 19.85 -4.98 -23.47 -15.92
255.00 21.50 15.50 21.40 1 -8.90 -11.60 -5.00 29.78 9.03 19.63 -4.97 -23.67 -16.14
270.00 21.00 15.00 21.50 1 -9.40 -12.10 -4.90 29.79 8.87 19.44 -4.96 -23.83 -16.33
285.00 20.80 15.00 21.00 1 -9.60 -12.10 -5.40 29.80 8.75 19.26 -4.95 -23.95 -16.51
300.00 20.60 14.50 21.40 1 -9.80 -12.60 -5.00 29.81 8.63 19.11 -4.94 -24.07 -16.66
315.00 20.30 15.00 20.80 1-10.10 -12.10 -5.60 29.81 8.54 18.98 -4.94 -24.16 -16.79
330.00 20.10 14.50 19.00 1-10.30 -12.60 -7.40 29.82 8.46 18.86 -4.93 -24.24 -16.91
345.00 19.50 14.50 19.00 1-10.90 -12.60 -7.40 29.82 8.40 18.75 -4.93 -24.30 -17.02
360.00 20.00 14.50 19.00 1-10.40 -12.60 -7.40 29.82 8.35 18.66 -4.93 -24.35 -17.11

TABLE A9. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with

Model predictions. Actuat temperatures and change from initial temperatures are given.
Data from group P1-6f: femaLe subjects completing entire 360 minute immersion.
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NAWCADWAR-93069-60

NUMAN WUJECT No.: 19 SEX: Famete ODEL PREDICTIONS for SUBJECT No.: 19
SUIT: UISUIT WATER TEMP: 31.64 deg F

TIME AEDOUN NAND FOOT ABDOOJN HAND FOOT AIDIOEN HAND FOOT UDD"EN HAND FOOT

min (Actual temp.) (Change in top.) (Estimated temp.) (Change in top.)

0 32.70 28.20 29.20 0.00 0.00 0.00 34.75 32.69 35.76 0.00 0.00 0.00
15 31.80 26.40 28.80 -0.9o -1.80 -0.4.0 32.92 26.25 31.15 -1.83 -6.44 -4.61
30 31.20 24.70 27.40 -1.50 -3.50 -1.80 31.16 23.12 29.22 -3.59 -9.57 -6.54
45 30.80 23.30 26.10 -1.90 -4.90 -3.10 30.51 20.61 27.81 -4.24 -12.08 -7.95
60 30.70 19.50 25.10 -2.00 -8.70 -4.10 30.22 18.51 26.61 -4.53 -14.18 -9.15
75 30.60 18.00 23.20 -2.10 -10.20 -6.00 30.09 16.74 25.59 -4.66 -15.95 -10.17
90 30.00 16.10 21.80 -2.70 -12.10 -7.40 30.06 15.27 24.73 -4.69 -17.42 -11.03

105 29.30 15.00 21.30 -3.40 -13.20 -7.90 30.07 14.00 23.97 -4.68 -18.69 -11.79
120 29.20 15.00 19.00 -3.50 -13.20 -10.20 30.11 12.94 23.33 -4.64 -19.75 -12.43
135 28.90 15.00 18.00 -3.80 -13.20 -11.20 30.16 12.06 22.76 -4.59 -20.63 -13.00
150 29.00 14.50 18.50 -3.70 -13.70 -10.70 30.20 11.33 22.28 -4.55 -21.36 -13.48
165 28.70 13.50 17.50 -4.00 -14.70 -11.70 30.24 10.74 21.86 -4.51 -21.95 -13.90
180 28.60 13.00 17.50 -4.10 -15.20 -11.70 30.28 10.26 21.49 -4.47 -22.43 -14.27
195 28.40 12.00 18.00 -4.30 -16.20 -11.20 30.30 9.87 21.17 -4.45 -22.82 -14.59
210 28.80 12.50 16.00 -3.90 -15.70 -13.20 30.33 9.54 20.89 -4.42 -23.15 -14.87
225 28.60 13.00 16.00 -4.10 -15.20 -13.20 30.34 9.28 20.65 -4.41 -23.41 -15.11
240 28.70 12.50 15.00 -4.00 -15.70 -14.20 30.36 9.08 20.44 -4.39 -23.61 -15.32
255 29.70 12.50 14.50 -3.00 -15.70 -14.70 30.37 8.89 20.25 -4.38 -23.80 -15.51
270 30.30 11.70 14.50 1 -2.40 -16.50 -14.70 30.38 8.75 20.09 -4.37 -23.94 -15.67
285 30.60 12.00 13.00 1 -2.10 -16.20 -16.20 30.39 8.63 19.95 1 -4.36 -24.06 -15.81
300 31.00 11.50 12.50 -1.70 -16.70 -16.70 30.40 8.53 19.82 -4.35 -24.16 -15.94
315 30.90 11.50 12.50 -1.80 -16.70 -16.70 30.40 8.45 19.71 1 -4.35 -24.24 -16.05
330 31.70 12.00 11.60 -1.00 -16.20 -17.60 30.41 8.39 19.62 1 -4.34 -24.30 -16.14
345 31.60 11.50 11.50 -1.10 -16.70 -17.70 30.41 8.34 19.53 1 -4.34 -24.35 -16.23
360 32.40 12.50 11.50 -0.30 -15.70 -17.70 30.41 8.29 19.46 -4.34 -24.40 -16.30

TABLE AIO. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelawu I with
Model predictions. Actual temperatures and change fram initial temperatures are given.
Data from group P1-6f: female subjects completing entire 360 minute immersion.
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NAWCADWAR-93069-60

SUNAIM M1JECT No.: 4 SEX: Nloe NOBEL PMEDICTIONS for SIBJECT No.: 4
SUIT: LIUIKOO UATER TEMP: 31.55 dog F

TINE AOUGIN NANO FOOT IAIIOEN MoAND FOOT AMIEN MAD FOOT AIDGOEN MAM FOOT
min (Actual tamp.) (Change In temp.) (Estimated temp.) (Change in temp.)

... .. . . ............................................ ..................

0 33.20 33.80 28.60 0.00 0.00 0.00 34.75 32.70 35.77 0.00 0.00 0.00
15 33.10 29.00 25.50 -0.10 -4.80 -3.10 32.28 26.28 31.12 -2.47 -6.42 -4.65
30 32.70 26.60 22.40 -0.50 -7.20 -6.20 30.71 23.34 29.21 -4.04 -9.36 -6.56
45 31.20 25.10 20.50 -2.00 -6.70 -8.10 30.05 20.95 27.80 -4.70 -11.75 -7.97
60 30.40 24.40 19.00 -2.80 -9.40 -9.60 29.69 18.90 26.59 -5.06 -13.80 -9.18

75 30.10 24.20 17.50 -3.10 -9.60 -11.10 29.49 17.15 25.55 -5.26 -15.55 -10.22
90 30.30 24.00 16.50 -2.90 -9.80 -12.10 29.38 15.68 24.64 -5.37 -17.02 -11.13

105 30.40 24.00 16.00 -2.80 -9.80 -12.60 29.33 14.44 23.84 -5.42 -18.26 -11.93
120 30.30 24.00 15.00 -2.90 -9.80 -13.60 29.33 13.41 23.13 -5.42 -19.29 -12.6"
135 30.40 24.20 14.00 -2.80 -9.60 -14.60 29.34 12.55 22.51 -5.41 -20.15 -13.26
150 31.00 24.60 13.00 -2.20 -9.20 -15.60 29.37 11.82 21.96 -5.38 -20.88 -13.81
165 30.70 24.60 12.50 -2.50 -9.20 -16.10 29.39 11.23 21.48 -5.36 -21.47 -14.29
180 30.40 25.40 12.00 -2.80 -8.40 -16.60 29.42 10.73 21.06 -5.33 -21.97 -14.71
195 31.20 24.20 11.50 -2.00 -9.60 -17.10 29.44 10.31 20.68 -5.31 -22.39 -15.09
210 30.60 23.80 11.50 -2.60 -10.00 -17.10 29.46 9.96 20.35 -5.29 -22.74 -15.42
225 31.30 23.70 11.00 -1.90 -10.10 -17.60 29.47 9.67 20.06 -5.28 -23.03 -15.71
240 31.50 23.60 10.50 -1.70 -10.20 -18.10 29.49 9.43 19.80 -5.26 -23.27 -15.97
255 31.60 23.60 10.50 -1.60 -10.20 -18.10 29.50 9.23 19.57 -5.25 -23.47 -16.20

TABLE All. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
ModeL predictions. Actual temperatures and change from Initial temperatures are given.
Data from group Pl-5: subjects completing 4 to 5 hours Immersion.
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NAWCADWAR-93069-60

NUMAN SUBJECT No.: 10 SEX: Note MODEL PREDICTIONS for SUBJECT No.: 10
SUIT: IMPERIAL WATER TEMP: 31.55 dog F

TIME AIDOMEN HANO FOOT JADOME HANo FOOT ABDOMEM HAND FOOT ACNMEN HANO FOOT
Mn (Actual temp.) I (Change in tep.) (Estimated top.) I (Change in tomp.)

...................................................................................
0 32.70 26.90 28.30 1 0.00 0.00 0.00 34.75 32.70 35.77 0.00 0.00 0.00

15 31.60 26.30 26.80 1 -1.10 -0.60 -1.50 32.69 26.30 31.16 1 -2.06 -6.40 -4.61
30 30.60 25.30 25.10 1 -2.10 -1.60 -3.20 31.20 23.28 29.23 1 -3.55 -9.42 -6.54
45 31.40 22.60 23.80 1 -1.30 -4.30 -4.50 30.63 20.83 27.80 -4.12 -11.87 -7.97
60 31.60 22.00 22.20 1 -1.10 -4.90 -6.10 30.43 18.73 26.60 1 -4.32 -13.97 -9.17
75 31.80 22.10 21.40 1 -0.90 -4.80 -6.90 30.34 16.96 25.55 1 -4.41 -15.74 -10.22
90 30.90 21.20 21.20 -1.80 -5.70 -7.10 30.31 15.46 24.64 1 -4.44 -17.24 -11.13

105 30.80 20.50 21.10 1 -1.90 -6.40 -7.20 30.33 14.19 23.84 1 -4.42 -18.51 -11.93
120 31.00 18.00 20.80 -1.70 -8.90 -7.50 30.37 13.15 23.15 1 -4.38 -19.55 -12.62
135 31.20 18.00 20.10 1 -1.50 -8.90 -8.20 30.42 12.28 22.54 1 -4.33 -20.42 -13.23
150 30.90 18.00 20.00 -1.80 -8.90 -8.30 30.46 11.55 22.01 1 -4.29 -21.15 -13.76
165 31.40 17.00 19.50 1 -1.30 -9.90 -8.80 30.49 10.96 21.55 1 -4.26 -21.74 -14.22
180 31.70 16.00 19.00 -1.00 -10.90 -9.30 30.52 10.47 21.15 -4.23 -22.23 -14.62

195 31.80 15.50 18.50 -0.90 -11.40 -9.80 30.55 10.06 20.80 -4.20 -22.64 -14.97
210 31.90 15.00 17.50 1 -0.80 -11.90 -10.80 30.57 9.72 20.48 -4.18 -22.98 -15.29
225 32.30 14.50 17.00 -0.40 -12.40 -11.30 30.58 9.44 20.21 -4.17 -23.26 -15.56
240 32.80 14.00 16.50 0.10 -12.90 -11.80 30.60 9.21 19.97 -4.15 -23.49 -15.80
255 32.60 13.50 15.50 -0.10 -13.40 -12.80 30.61 9.02 19.76 -4.14 -23.68 -16.01
270 32.70 13.00 15.00 0.00 -13.90 -13.30 30.62 8.87 19.58 -4.13 -23.83 -16.19

TABLE A12. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-5: subjects completing 4 to 5 hours immersion.
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HUMAN SUBJECT No.: 15 SEX: Note MODEL PREDICTIONS for SUBJECT No.: 15
SUIT: OM 15 WATER TEMP: 31.01 dog F

TIME AiDOMEN HAND FOOT JABOOMEN HAND FOOT* ABOMEN NAND FOOT IABDOCEN HAND FOOT
min (Actual top.) (Change in top.) (Estimited tem.) (Change in tep.)

............................................................. .....................
0 32.10 31.00 0.00 0.00 34.75 32.70 35.77 0.00 0.00 0.00

15 30.60 29.4.0 -1.50 -1.60 31.87 26.18 31.06 -2.88 -6.52 -4.71
30 28.60 25.20 22.40 -3.50 -5.80 -6.40 30.23 23.21 29.17 -4.52 -9.49 -6.60
45 28.60 24.70 20.80 -3.50 -6.30 -8.00 29.38 20.80 27.74 -5.37 -11.90 -8.03
60 28.00 22.10 21.00 -4.10 -8.90 -7.80 28.85 18.74 26.53 -5.90 -13.96 -9.24
75 28.80 20.00 22.00 -3.30 -11.00 -6.80 28.52 16.97 25.49 -6.23 -15.73 -10.28
90 31.10 18.00 18.00 -1.00 -1i.00 -10.80 28.30 15.50 24.59 -6.45 -17.20 -11.18

105 33.20 16.20 18.10 1.10 -14.80 -10.70 28.18 14.25 23.79 -6.57 -18.45 -11.96
120 34.10 14.80 17.50 2.00 -16.20 -11.30 28.10 13.22 23.10 -6.65 -19.48 -12.67

135 34.10 14.10 17.70 2.00 -16.90 -11.10 28.07 12.36 22.48 -6.68 -20.34 -13.29
150 34.70 13.60 15.90 2.60 -17.40 -12.90 28.06 11.64 21.94 -6.69 -21.06 -13.83
165 35.10 13.20 15.50 3.00 -17.80 -13.30 28.06 11.04 21.46 -6.69 -21.66 -14.31
180 35.10 12.60 15.00 3.00 -18.40 -13.80 28.07 10.54 21.04 -6.68 -22.16 -14-73
195 35.00 12.20 14.50 2.90 -18.80 -14.30 28.08 10.13 20.67 -6.67 -22.57 -15.10
210 34.90 12.00 14.10 2.80 -19.00 -14.70 28.09 9.78 20.34 -6.66 -22.92 -15.43
225 34.70 11.90 13.60 2.60 -19.10 -15.20 28.11 9.50 20.04 -6.64 -23.20 -15.73
240 34.70 11.20 12.80 2.60 -19.80 -16.00 28.12 9.26 19.79 -6.63 -23." -15.98

255 34.70 11.00 12.00 2.60 -20.00 -16.80 28.13 9.06 19.56 -6.62 -23.64 -16.21
270 34.60 10.70 11.10 1 2.50 -20.30 -17.70 28.14 8.90 19.35 1 -6.61 -23.80 -16.42
285 34.30 10.40 10.30 1 2.20 -20.60 -18.50 28.15 8.76 19.17 -6.60 -23.94 -16.60
300 33.80 11.00 10.00 1.70 -20.00 -18.80 28.15 8.64 19.01 1 -6.60 -24.06 -16.76

TABLE A13. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu I with

Model predictions. Actual temperatures and change from Initial temperatures are given.
Data from group P1-5: subjects compteting 4 to 5 hours immersion.
': Data referenced to pre-immersion temperature (28.80).
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HUMAN SUAJECT Mo.: 16 SEX: Note MODEL PREDICTIONS for SUBJECT go.: 16
SUIT: URSUIT WATER TEMP: 31.55 deg F

TIME ABDOMEN NAMD FOOT JAIDOMEM HAND FOOT AIDOMEN KAMN FOOT JAD EM IUND FOOT
min (Actual temp.) (Change in temp.) (Estimated too.) (Change in tow.)

-.--.-.----............................................ .....................

0 34.00 26.10 29.20 0.00 0.00 0.00 34.75 32.70 35.77 0.00 0.00 0.00

15 33.70 24.00 27.40 -0.30 -2.10 -1.80 32.42 26.26 31.11 -2.33 -6." -4.66
30 33.10 22.00 25.60 -0.90 -4.10 -3.60 30.81 23.28 29.21 -3L94 -9.42 -6.56
45 33.10 19.00 23.70 -0.90 -7.10 -5.50 30.18 20.86 27.79 -4.57 -11.34 -7.98
60 32.60 17.50 22.20 -1.40 -8.60 -7.00 29.85 18.80 26.58 -4.90 -13.90 -9.19
75 32.20 16.00 20.60 -1.80 -10.10 -8.60 29.67 17.04 25.54 -5.08 -15.66 -10.23
90 32.60 15.00 19.00 -1.40 -11.10 -10.20 29.58 15.56 24.64 -5.17 -17.14 -11.13

105 32.70 14.50 18.00 -1.30 -11.60 -11.20 29.56 14.30 23.84 -5.19 -18.40 -11.93
120 31.00 13.50 16.50 -3.00 -12.60 -12.70 29.56 13.27 23.15 -5.19 -19.43 -12.62
135 32.70 13.00 15.00 -1.30 -13.10 -14.20 29.59 12.40 22.54 -5.16 -20.30 -13.23
150 33.10 12.00 14.00 -0.90 -14.10 -15.20 29.62 11.68 22.00 -5.13 -21.02 -13.77
165 33.10 11.50 13.00 -0.90 -14.60 -16.20 29.65 11.09 21.53 -5.10 -21.61 -14.24
180 32.60 11.00 12.00 -1.40 -15.10 -17.20 29.68 10.59 21.12 -5.07 -22.11 -14.65
195 32.80 10.50 11.50 -1.20 -15.60 -17.70 29.70 10.19 20.76 -5.05 -22.51 -15.01
210 31.90 11.00 10.50 -2.10 -15.10 -18.70 29.73 9.85 20.44 -5.02 -22.85 -15.33
225 31.60 10.50 10.00 -2.40 -15.60 -19.20 29.74 9.56 20.16 -5.01 -23.14 -15.61
240 31.20 10.50 10.00 -2.80 -15.60 -19.20 29.76 9.33 19.91 -4.99 -23.37 -15.86
255 31.60 10.00 7.00 -2.40 -16.10 -22.20 29.77 9.13 19.69 -4.98 -23.57 -16.08

TABLE A14. Comparison of hunan abdomen, hand and foot temperatures (degrees C) from Petapu 1 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-5: subjects compteting 4 to 5 hours immersion.
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HUMAN SUBJECT Igo.: 9 SEX. Note NODEL PREDICTIONS for SUBJECT Ho.: 9
SUIT: HILLY HAISON WATER TEMP: 31.01 dog F

TIME ADOU HAN FOOT JAGDOMEM HAND FOOT AIDOMEN HAUD FOOT IABDGNEM HAMI FOOT

mwn (Actual to".) I (Change in temp.) (Estimated temp.) I (Change in tow.)

0 30.10 29.60 28.20 0.00 0.00 0.00 34.75 32.70 35.77 0.00 0.00 0.00

15 27.70 28.40 26.40 1 -2.40 -1.20 -1.80 32.00 26.24 31.08 -2.75 -6.46 -4.69
30 27.60 26.80 25.20 1 -2.50 -2.80 -3.00 30.53 23.33 29.17 -4.22 -9.37 -6.60
45 26.00 24.60 24.00 -4.10 -5.00 -4.20 29.86 20.96 27.74 -4.89 -11.74 -8.03
60 25.80 22.50 23.40 1 -4.30 -7.10 -4.80 29.47 18.92 26.53 -5.28 -13.78 -9.24
75 26.80 20.20 22.10 1 -3.30 -9.40 -6.10 29.24 17.17 25.47 -5.51 -15.53 -10.30
90 26.40 19.00 20.40 -3.70 -10.60 -7.80 29.11 15.71 24.55 -5.64 -16.99 -11.22

105 27.40 17.00 18.00 1 -2.70 -12.60 -10.20 29.04 14.47 23.73 -5.71 -18.23 -12.04
120 29.00 15.00 16.40 1 -1.10 -14.60 -11.80 29.02 13.44 23.01 -5.73 -19.26 -12.76
135 29.00 14.80 14.90 1 -1.10 -14.80 -13.30 29.02 12.57 22.37 -5.73 -20.13 -13.40
150 28.10 12.40 13.40 1 -2.00 -17.20 -14.80 29.03 11.83 21.80 -5.72 -20.87 -13.97
165 26.70 13.70 12.30 1 -3.40 -15.90 -15.90 29.05 11.23 21.30 -5.70 -21.47 -14.47
180 27.00 13.90 11.70 -3.10 -15.70 -16.50 29.07 10.71 20.85 -5.68 -21.99 -14.92
195 27.30 13.60 11.00 1 -2.80 -16.00 -17.20 29.09 10.28 20.46 -5.66 -22.42 -15.31
210 26.40 12.20 10.00 -3.70 -17.40 -18.20 29.11 9.91 20.10 -5.64 -22.79 -15.67

TABLE A1S. Comparison of human abdomen. hand and foot temperatures (degrees C) from PeLapu 1 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-4: subjects completing 3 to 4 hours immersion.

HUMAN SUBJECT No.: 14 SEX: MaLe MODEL PREDICTIONS for SUBJECT No.: 14
SUIT: IMPERIAL WATER TEMP: 30.45 deg F

TIME ABDOMEN HAND FOOT ABODOMEN HAND FOOT ABDOMEN HAND FOOT IABDOMEN HAND FOOT
min (Actual temp.) I (Change in temp.) (Estimated temp.) I (Change in temp.)
S.... .... .. 4.... ,..--.... ....... ......... ..................... ...................

0 30.50 27.60 28.30 1 0.00 0.00 0.00 34.75 32.70 35.77 1 0.00 0.00 0.00
15 29.90 26.10 26.30 -0.60 -1.50 -2.00 31.90 26.18 31.03 -2.85 -6.52 -4.74
30 29.30 24.20 24.10 -1.20 -3.40 -4.20 30.42 23.25 29.11 -4.33 -9.45 -6.66
45 28.70 21.30 22.60 1 -1.80 -6.30 -5.70 29.72 20.87 27.67 1 -5.03 -11.83 -8.10
60 28.50 20.00 21.00 1 -2.00 -7.60 -7.30 29.31 18.81 26.45 1 -5.44 -13.89 -9.32
75 27.90 20.00 20.00 -2.60 -7.60 -8.30 29.06 17.06 25.39 1 -5.69 -15.64 -10.38
90 27.30 19.50 20.00 1 -3.20 -8.10 -8.30 28.92 15.59 24.46 -5.83 -17.11 -11.31

105 26.50 18.00 20.00 1 -4.00 -9.60 -8.30 28.84 14.35 23.63 1 -5.91 -18.35 -12.14
120 26.20 17.50 19.00 1 -4.30 -10.10 -9.30 28.81 13.31 22.90 1 -5.94 -19.39 -12.87
135 26.10 13.00 15.00 -4.40 -14.60 -13.30 28.80 12.43 22.25 1 -5.95 -20.27 -13.52
150 26.00 16.50 17.50 -4.50 -11.10 -10.80 28.81 11.68 21.67 I -5.94 -21.02 -14.10
165 26.40 16.50 16.50 -4.10 -11.i0 -11.80 28.83 11.07 21.16 1 -5.92 -21.63 -14.61

180 26.70 16.00 15.50 -3.80 -11.60 -12.80 28.85 10.54 20.71 1 -5.90 -22.16 -15.06
195 26.60 12.50 11.20 1 -3.90 -15.10 -17.10 28.87 10.11 20.31 1 -5.88 -22.59 -15.46
210 26.90 11.50 10.00 1 -3.60 -16.10 -18.30 28.88 9.74 19.95 1 -5.87 -22.96 -15.82

TABLE A16. Comparison of human abdomen, hand and foot temperatures (degrees C) from PeLapu 1 with

Model predictions. Actual temperatures and change from initial temperatures are given.

Data from group P1-4: subjects completing 3 to 4 hours immersion.
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 18 SEX: Nate MODEL PREDICTIONS for SUBJECT No.: 18

SUIT: FIT2 WRIGHT WATER TEMP: 31.28 dig F
TIME ABDOMEN HAND FOOT IABoIIEN Mwlo FOOT ABDOMEN HAND FOOT JABDOMEN HAND FOOT
min (Actual temp.) (Change in top.) (Estimated teop.) I (Change in temp.)

-. --. --- - - --................-................-.......... .-----.-.-------.... .+....................

0 30.20 28.30 27.60 1 0.00 0.00 0.00 34.75 32.70 35.77 0.00 0.00 0.00

15 29.40 27.10 27.00 1 -0.80 -1.20 -0.60 32.60 26.32 31.15 -2.15 -6.38 -4.62
30 28.40 23.70 26.00 1 -1.80 -4.60 -1.60 31.10 23.35 29.21 -3.65 -9.35 -6.56
45 27.90 21.30 24.70 1 -2.30 -7.00 -2.90 30.51 20.93 27.78 -4.24 -11.77 -7.99
60 27.80 20.20 22.70 1 -2.40 -8.10 -4.90 30.28 18.86 26.57 -4.47 -13.84 -9.20
75 27.90 18.50 21.00 1 -2.30 -9.80 -6.60 30.17 17.09 25.51 -4.58 -15.61 -10.26
90 28.00 16.50 19.00 1 -2.20 -11.80 -8.60 30.12 15.61 24.59 -4.63 -17.09 -11.18

105 28.00 15.00 16.50 -2.20 -13.30 -11.10 30.12 14.35 23.77 -4.63 -18.35 -12.00
120 28.20 13.60 14.30 -2.00 -14.70 -13.30 30.15 13.31 23.05 -4.60 -19.39 -12.72
135 28.50 13.00 13.50 j -1.70 -15.30 -14.10 30.18 12.44 22.41 -4.57 -20.26 -13.36
150 28.10 12.00 12.50 1 -2.10 -16.30 -15.10 30.22 11.71 21.85 -4.53 -20.99 -13.92
165 28.40 12.00 11.50 -1.80 -16.30 -16.10 30.26 11.10 21.37 -4.49 -21.60 -14.40
180 28.30 10.50 12.00 1 -1.90 -17.80 -15.60 30.28 10.59 20.93 -4.47 -22.11 -14.84
195 28.60 10.00 11.00 1 -1.60 -18.30 -16.60 30.31 10.17 20.55 -4." -22.53 -15.22

TABLE A17. Comparison of human abdomen, hand and foot temperatures (degrees C) from Petapu 1 with
Model Predictions. Actual temperatures and change from initial temperatures are given.

Data from group P1-4: subjects compLeting 3 to 4 hours immersion.

HUMAN SUBJECT No.: 21 SEX: Mate MODEL PREDICTIONS for SUBJECT No.: 21
SUIT: LIUKKO WATER TEMP: 31.28 deg F

TIME ABOOME1t HAND FOOT ]ABDOMEN HAND FOOT ABDOMEN HAND FOOT IABOOMEN HAND FOOT
min (Actual temp.) (Change in temp.) (Estimated temp.) (Change in temp.)

...........4----------------------------------------+.......---------
0 33.20 23.00 22.30 1 0.00 0.00 0.00 34.75 32.69 35.77 1 0.00 0.00 0.00

15 32.90 20.20 22.00 1 -0.30 -2.80 -0.30 32.28 26.12 31.02 1 -2.47 -6.57 -4.75
30 33.40 19.50 20.10 1 0.20 -3.50 -2.20 30.68 23.09 29.08 1 -4.07 -9.60 -6.69
45 33.70 17.50 20.50 1 0.50 -5.50 -1.80 30.04 20.63 27.64 -4.71 -12.06 -8.13
60 33.90 18.00 19.00 0.70 -5.00 -3.30 29.70 18.53 26.41 -5.05 -14.16 -9.36
75 34.10 14.50 18.50 0.90 -8.50 -3.80 29.51 16.74 25.35 1 -5.24 -15.95 -10.42
90 34.40 14.00 17.00 1 1.20 -9.00 -5.30 29.42 15.23 24.43 -5.33 -17.46 -11.34

105 34.30 13.50 16.50 1 1.10 -9.50 -5.80 29.39 13.96 23.62 1 -5.36 -18.73 -12.15
120 34.40 18.00 19.00 1 1.20 -5.00 -3.30 29.39 12.91 22.91 1 -5.36 -19.78 -12.86
135 34.60 13.00 15.00 1 1.40 -10.00 -7.30 29.42 12.03 22.29 1 -5.33 -20.66 -13.48
150 33.50 16.50 17.50 1 0.30 -6.50 -4.80 29.45 11.30 21.74 1 -5.30 -21.39 -14.03
165 34.30 16.50 16.50 1.10 -6.50 -5.80 29.48 10.70 21.26 1 -5.27 -21.99 -14.51
180 33.30 16.00 15.50 1 0.10 -7.00 -6.80 29.51 10.19 20.84 1 -5.24 -22.50 -14.93

195 33.80 12.50 8.50 1 0.60 -10.50 -13.80 29.53 9.77 20.47 1 -5.22 -22.92 -15.30
210 24.00 11.50 8.50 1 -9.20 -11.50 -13.80 29.55 9.42 20.14 1 -5.20 -23.27 -15.63

TABLE A18. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-4: subjects completing 3 to 4 hours immersion.
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 8 SEX: Fomiet NODEL PREDICTIONS for SUBJECT No.: 8
SUIT: UNSUIT 5001 WATER TEMP: 31.37 deg F

TIME HAND ARM CHEST LOWER HAND ARM CHEST LOWER HAND ARM CHEST HAND ARM CHEST
min mean right BACK man right BACK

(Actual taep.) (Change in tap.) (Estimated taep.) (Change In top.)
------------...................... .................................................... ,.....................

0 31.65 31.30 33.30 32.60 1 0.00 0.00 0.00 0.00 32.69 32.75 33.79 0.00 0.00 0.00
10 3.0-75 31.30 33.90 32.10 1 -0.90 0.00 0.60 -0.50 27.6 27.94 31.05 -5.23 -4.81 -2.74
20 29.15 30.60 33.80 31.90 1 -2.50 -0.70 0.50 -0.70 25.12 26.11 29.88 -7.57 -6.64 -3.91
30 27.00 30.20 33.50 31.60 1 -4.65 -1.10 0.20 -1.00 23.17 25.45 29.74 -9.52 -7.30 -4.05
40 25.55 29.70 33.10 31.40 -6.10 -1.60 -0.20 -1.20 21.48 25.57 30.08 1-11.21 -7.18 -3.71
50 24.00 29.70 32.80 31.40 -7.65 -1.60 -0.50 -1.20 19.98 25.71 30.25 1-12.71 -7.04 -3.54
60 23.10 29.20 32.80 31.40 1 -8.55 -2.10 -0.50 -1.20 18.63 25.82 30.32 1-14.06 -6.93 -3.47
70 22.35 29.00 32.80 31.40 -9.30 -2.30 -0.50 -1.20 17.43 25.94 30.36 1-15.26 -6.81 -3.43
80 21.35 29.10 32.90 31.70 1-10.30 -2.20 -0.40 -0.90 16.35 26.07 30.39 1-16.34 -6.68 -3.40
90 20.45 28.80 32.90 32.20 1-11.20 -2.50 -0.40 -0.40 15.37 26.19 30.40 1-17.32 -6.56 -3.39

100 19.80 28.40 33.40 32.40 1-11.85 -2.90 0.10 -0.20 14.50 26.28 30.41 1-18.19 -6.47 -3.38
110 19.15 28.10 34.60 32.60 1-12.50 -3.20 1.30 0.00 13.74 26.36 30.42 1-18.95 -6.39 -3.37
120 18.75 27.80 33.70 32.60 1-12.90 -3.50 0.40 0.00 13.05 26.43 30.42 1-19.64 -6.32 -3.37
130 18.15 27.40 33.60 32.50 1-13.50 -3.90 0.30 -0.10 12.46 26.48 30.42 1-20.23 -6.27 -3.37
140 17.85 27.40 33.80 32.40 1-13.80 -3.90 0.50 -0.20 11.94 26.52 30.43 1-20.75 -6.23 -3.36
150 17.75 26.80 33.80 32.40 1-13.90 -4.50 0.50 -0.20 11.47 26.55 30.43 1-21.22 -6.20 -3.36
160 17.35 27.20 34.10 32.40 1-14.30 -4.10 0.80 -0.20 11.07 26.57 30.44 1-21.62 -6.18 -3.35
170 17.15 27.00 34.00 32.20 1-14.50 -4.30 0.70 -0.40 10.71 26.59 30.44 1-21.98 -6.16 -3.35
180 17.05 27.00 34.00 32.00 1-14.60 -4.30 0.70 -0.60 10.40 26.61 30.44 1-22.29 -6.14 -3.35

TABLE A22. Comparison of human upper body segment temperatures (degrees C) from Petapu 2 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual hand temperature is the mean of both hands.
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NAWCADWAR-93069-60

MAN SUBJECT No.: 8 SEX: Fiele MODEL PREDICTIONS for SUBJECT No.: 8
SUIT: UNSUIT 5001 WATER TEMP: 31.37 deg F

TIME FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH
min man right man right

(Actuat top.) (Change in teop.) (Estimated tep.) (Change in temp.)
..-..--..................... ......................................................................

0 31.50 29.50 30.10 0.00 0.00 0.00 35.77 32.98 33.61 1 0.00 0.00 0.00
10 31.00 26.50 27.50 -0.50 -3.00 -2.60 31.96 29.50 29.61 1 -3.81 -3.48 -4.00
20 30.60 24.40 25.30 -0.90 -5.10 -4.80 30.39 28.56 28.46 1 -5.38 -4.42 -5.15

30 29.50 22.90 23.70 -2.00 -6.60 -6.40 29.20 27.87 27.86 1 -6.57 -5.11 -5.75
40 27.55 21.70 22.70 -3.95 -7.80 -7.40 28.22 27.31 27.57 1 -7.55 -5.67 -6.04
50 26.35 20.80 21.90 -5.15 -8.70 -8.20 27.36 26.80 27.39 1 -8.41 -6.18 -6.22
60 24.20 20.00 21.40 -7.30 -9.50 -8.70 26.57 26.33 27.24 1 -9.20 -6.65 -6.37
70 22.90 19.40 21.10 -8.60 -10.10 -9.00 25.87 25.91 27.14 1 -9.90 -7.07 -6.47
80 22.60 18.90 20.80 -8.90 -10.60 -9.30 25.24 25.52 27.07 1-10.53 -7.46 -6.54

90 23.80 18.40 20.80 -7.70 -11.10 -9.30 24.65 25.17 27.02 1-11.12 -7.81 -6.59
100 21.75 18.10 21.10 -9.75 -11.40 -9.00 24.12 24.85 26.99 1-11.65 -8.13 -6.62
110 25.30 17.90 21.10 -6.20 -11.60 -9.00 23.64 24.56 26.96 1-12.13 -8.42 -6.65
120 26.10 17.70 21.00 -5.40 -11.80 -9.10 23.19 24.29 26.95 1-12.58 -8.69 -6.66
130 24.75 17.60 21.00 -6.75 -11.90 -9.10 22.79 24.06 26.94 1-12.98 -8.92 -6.67

140 25.10 17.50 20.90 -6.40 -12.00 -9.20 22.43 23.84 26.93 1-13.34 .9.14 -6.68
150 25.25 17.40 20.70 -6.25 -12.10 -9.40 22.09 23.65 26.92 1-13.68 -9.33 -6.69
160 25.45 17.20 20.50 -6.05 -12.30 -9.60 21.78 23.48 26.91 1-13.99 -9.50 -6.70
170 24.95 17.00 20.30 1 -6.55 -12.50 -9.80 21.50 23.32 26.91 1-14.27 -9.66 -6.70
180 24.95 16.80 20.10 1 -6.55 -12.70 -10.00 21.24 23.17 26.91 1-14.53 -9.81 -6.70

TABLE A23. Comparison of human Lower body segment temperatures (degrees C) from Pelapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: femaLe subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

IHUAN SUJECT No.: 9 SEX: FemaLe MODEL PREDICTIONS for SUBJECT No.: 9
SUIT: URSUIT 5001 WATER TEMP: 31.37 deg F

TIME HAND ARM CHEST LOUER HAND ARu CHEST LOWER HAND ARM CHEST HAND ARM CHEST
min man right BACK mean right BACK

(Actual temp.) (Change in temp.) (Estimated temp.) (Change in temp.)
........-.-.-.................... , ....................... ,.............................,,.....................

0 32.90 33.70 34.60 33.80 0.00 0.00 0.00 0.00 32.69 32.75 33.79 0.00 0.00 0.00
10 32.60 31.70 34.20 31.60 -0.30 -2.00 -0.40 -2.20 27.47 28.13 31.34 -5.22 -4.62 -2.45
20 30.80 30.40 33.60 30.40 -2.10 -3.30 -1.00 -3.40 25.12 26.33 30.23 -7.57 -6.42 -3.56
30 29.40 29.40 32.00 29.70 -3.50 -4.30 -2.60 -4.10 23.16 25.59 30.01 -9.53 -7.16 -3.78
40 28.70 28.90 32.60 29.40 -4.20 -4.80 -2.00 -4.40 21.46 25.84 30.44 1-11.23 -6.91 -3.35
50 27.05 27.80 31.80 28.60 -5.85 -5.90 -2.80 -5.20 19.95 26.19 30.70 1-12.74 -6.56 -3.09
60 25.65 27.30 31.50 28.30 -7.25 -6.40 -3.10 -5.50 18.58 26.43 30.79 1-14.11 -6.32 -3.00
70 24.80 27.20 30.80 28.20 -8.10 -6.50 -3.80 -5.60 17.38 26.61 30.83 1-15.31 -6.14 -2.96
80 23.95 27.40 30.60 28.20 -8.95 -6.30 -4.00 -5.60 16.30 26.76 30.85 1-16.39 -5.99 -2.94
90 22.95 27.10 30.30 28.10 -9.95 -6.60 -4.30 -5.70 15.32 26.88 30.86 1-17.37 -5.87 -2.93

100 22.20 27.20 29.80 28.10 1-10.70 -6.50 -4.80 -5.70 14.45 26.98 30.86 I-18.24 -5.77 -2.93
110 21.50 27.00 30.10 28.10 1-11.40 -6.70 -4.50 -5.70 13.68 27.05 30.87 1-19.01 -5.70 -2.92
120 20.70 26.70 30.10 28.10 1-12.20 -7.00 -4.50 -5.70 12.99 27.11 30.87 1-19.70 -5.64 -2.92
130 20.50 26.90 29.70 28.00 1-12.40 -6.80 -4.90 -5.80 12.39 27.15 30.87 1-20.30 -5.60 -2.92
140 19.85 27.00 29.90 28.10 1-13.05 -6.70 -4.70 -5.70 11.86 27.19 30.88 1-20.83 -5.56 -2.91
150 19.50 27.20 30.00 28.10 1-13.40 -6.50 -4.60 -5.70 11.40 27.22 30.88 1-21.29 -5.53 -2.91
160 19.75 27.20 29.80 28.20 1-13.15 -6.50 -4.80 -5.60 10.99 27.24 30.89 1-21.70 -5.51 -2.90
170 18.85 27.00 29.50 27.50 1-14.05 -6.70 -5.10 -6.30 10.64 27.26 30.89 1-22.05 -5.49 -2.90
180 19.00 27.30 29.20 27.30 1-13.90 -6.40 -5.40 -6.50 10.32 27.27 30.90 1-22.37 -5.48 -2.89
190 19.50 27.20 28.80 27.20 1-13.40 -6.50 -5.80 -6.60 10.05 27.28 30.90 1-22.64 -5.47 -2.89
200 19.30 27.20 29.20 27.30 1-13.60 -6.50 -5.40 -6.50 9.81 27.29 30.90 1-22.88 -5.46 -2.89
210 19.90 27.50 29.50 26.90 1-13.00 -6.20 -5.10 -6.90 9.59 27.30 30.91 1-23.10 -5.45 -2.88
220 19.90 26.80 29.70 28.70 1-13.00 -6.90 -4.90 -5.10 9.41 27.31 30.91 1-23.28 -5.44 -2.88
230 19.60 26.60 29.30 25.70 1-13.30 -7.10 -5.30 -8.10 9.24 27.32 30.92 1-23.45 -5.43 -2.87
240 19.25 26.60 29.20 24.00 1-13.65 -7.10 -5.40 -9.80 9.10 27.32 30.92 1-23.59 -5.43 -2.87
250 18.S ?6.30 29.10 23.60 1-13.95 -7.40 -5.50 -10.20 8.97 27.33 30.92 1-23.72 -5.42 -2.87
260 18.45 26,00 28.90 22.80 1-14.45 -7.70 -5.70 -11.00 8.86 27.33 30.92 1-23.83 -5.42 -2.87
270 18.30 25.80 29.10 22.00 1-14.60 -7.90 -5.50 -11.80 8.77 27.34 30.93 1-23.92 -5.41 -2.86
280 18.20 25.J0 28.90 20.90 1-14.70 -8.20 -5.70 -12.90 8.68 27.34 30.93 1-24.01 -5.41 -2.86
290 17.60 25.30 29.30 22.30 1-15.30 -8.40 -5.30 -11.50 8.61 27.34 30.93 1-24.08 -5.41 -2.86
300 17.45 25.30 29.50 22.00 1-15.45 -8.40 -5.10 -11.80 8.54 27.34 30.93 1-24.15 -5.41 -2.86
310 17.30 25.20 29.50 22.10 1-15.60 -8.50 -5.10 -11.70 8.48 27.35 30.93 1-24.21 -5.40 -2.86
320 17.40 24.60 29.30 21.80 1-15.50 -9.10 -5.30 -12.00 8.43 27.35 30.93 1-24.26 -5.40 -2.86
330 16.85 24.70 29.60 22.50 1-16.05 -9.00 -5.00 -11.30 8.39 27.35 30.93 1-24.30 -5.40 -2.86
340 16.80 24.40 29.40 21.40 1-16.10 -9.30 -5.20 -12.40 8.35 27.35 30.93 1-24.34 -5.40 -2.86
350 16.90 24.10 29.50 22.30 1-16.00 -9.60 -5.10 -11.50 8.32 27.35 30.93 1-24.37 -5.40 -2.86
360 16.70 24.30 29.90 22.70 1-16.20 -9.40 -4.70 -11.10 8.29 27.35 30.93 1-24.40 -5.40 -2.86

TABLE A24. Comparison of human upper body segment temperatures (degrees C) from PeLapu 2 with
Nodel predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual hand temperature is the mean of both hands.
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NAWCADWAR-93069-60

NIMAN SUBJECT Ho.: 9 SEX: FemsLe MODEL PREDICTIONS for SlJJECT No.: 9
SUIT: URSJIT 5001 UATER TEMP: 31.37 deg F

TIME FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH
mi m right mean right

(Actual temp.) (Change In tep.) (Estimated top.) (Change In tep.)
-------------------------. .....-......-..................-....-.....................................

0 33.80 30.10 29.40 0.00 0.00 0.00 35.76 32.96 33.61 0.00 0.00 0.00
10 32.55 26.20 25.30 -1.25 -3.90 -4.10 31.97 29.89 29.97 -3.79 -3.09 -3.64
20 31.30 24.40 23.50 -2.50 -5.70 -5.90 30.39 29.01 28.94 -5.37 -3.97 -4.67
30 30.45 23.30 22.30 -3.35 -6.80 -7.10 29.19 28.33 28.40 -6.57 -4.65 -5.21
40 29.95 22.80 21.70 -3.85 -7.30 -7.70 28.21 27.76 28.19 -7.55 -5.22 -5.42
50 28.95 21.30 20.80 -4.85 -8.80 -8.60 27.35 27.26 28.09 -8.41 -5.72 -5.52
60 27.90 20.40 20.20 -5.90 -9.70 -9.20 26.56 26.79 28.00 1 -9.20 -6.19 -5.61
70 27.00 20.00 20.00 -6.80 -10.10 -9.40 25.86 26.37 27.94 1 -9.90 -6.61 -5.67
80 26.35 19.80 19.80 -7.45 -10.30 -9.60 25.22 25.98 27.90 1-10.54 -7.00 -5.71
90 25.50 19.00 19.50 -8.30 -11.10 -9.90 24.63 25.63 27.87 1-11.13 -7.35 -5.74

100 24.80 18.40 19.50 -9.00 -11.70 -9.90 24.11 25.32 27.85 1-11.65 -7.66 -5.76

110 23.70 17.80 19.50 1-10.10 -12.30 -9.90 23.63 25.04 27.84 1-12.13 -7.94 -5.77
120 23.00 17.60 19.50 1-10.80 -12.50 -9.90 23.18 24.78 27.84 1-12.58 -8.20 -5.77
130 22.75 17.50 19.70 -11.05 -12.60 -9.70 22.78 24.55 27.83 1-12.98 -8.43 -5.78
140 22.35 17.40 19.60 1-11.45 -12.70 -9.80 22.42 24.35 27.83 1-13.34 -8.63 -5.78
150 21.40 17.40 19.40 1-12.40 -12.70 -10.00 22.08 24.16 27.83 1-13.68 -8.82 -5.78
160 21.10 17.30 19.40 1-12.70 -12.80 -10.00 21.78 23.99 27.83 1-13.98 -8.99 -5.78
170 19.50 16.40 18.80 1-14.30 -13.70 -10.60 21.50 23.84 27.83 1-14.26 -9.14 -5.78
180 18.90 15.90 18.80 1-14.90 -14.20 -10.60 21.25 23.71 27.83 1-14.51 -9.27 -5.78
190 18.55 16.30 18.80 1-15.25 -13.80 -10.60 21.01 23.58 27.82 1-14.75 -9.40 -5.79
200 18.30 16.30 18.90 1-15.50 -13.80 -10.50 20.80 23.47 27.82 -14.96 -9.51 -5.79
210 17.90 16.10 18.70 -15.90 -14.00 -10.70 20.61 23.37 27.82 1-15.15 -9.61 -5.79
220 18.05 15.80 18.70 1-15.75 -14.30 -10.70 20.43 23.28 27.82 1-15.33 -9.70 -5.79
230 17.30 15.70 18.50 1-16.50 -14.40 -10.90 20.26 23.19 27.82 1-15.50 -9.79 -5.79
240 16.90 15.90 18.50 1-16.90 -14.20 -10.90 20.11 23.12 27.82 1-15.65 -9.86 -5.79
250 16.50 15.80 18.60 1-17.30 -14.30 -10.80 19.97 23.05 27.82 1-15.79 -9.93 -5.79
260 16.55 16.00 18.80 1-17.25 -14.10 -10.60 19.85 22.98 27.82 1-15.91 -10.00 -5.79
270 16.55 15.80 18.90 1-17.25 -14.30 -10.50 19.73 22.92 27.82 1-16.03 -10.06 -5.79

280 16.40 15.80 18.90 1-17.40 -14.30 -10.50 19.62 22.87 27.82 1-16.14 -10.11 -5.79
290 15.80 15.70 19.10 1-18.00 -14.40 -10.30 19.53 22.82 27.82 1-16.23 -10.16 -5.79
300 15.65 16.10 19.30 1-18.15 -14.00 -10.10 19.44 22.78 27.82 1-16.32 -10.20 -5.79
310 15.60 15.90 19.10 1-18.20 -14.20 -10.30 19.35 22.74 27.82 1-16.41 -10.24 -5.79
320 14.85 15.50 19.40 1-18.95 -14.60 -10.00 19.28 22.70 27.81 1-16.48 -10.28 -5.80
330 14.85 15.40 19.40 1-18.95 -14.70 -10.00 19.21 22.66 27.81 1-16.55 -10.32 -5.80
340 14.95 15.50 19.30 1-18.85 -14.60 -10.10 19.14 22.63 27.81 1-16.62 -10.35 -5.80
350 14.85 15.20 19.30 1-18.95 -14.90 -10.10 19.08 22.60 27.81 1-16.68 -10.38 -5.80
360 14.80 15.30 19.30 1-19.00 -14.80 -10.10 19.03 22.58 27.81 1-16.73 -1040 -5.80

TABLE A25. Comparison of human lower body segment temperatures (degrees C) from Petapu 2 with

Model predictions. Actual temperatures and change from initiaL temperatures are given.

Data from group P2-f: female subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

SUMAN SUBJECT No.: 14 SEX: Fmle MODEL PREDICTIONS for SUBJECT No.: 14
SUIT: UISUIT 5001 WATER TIMP: 31.37 dog F

TINE HAND AIM CHEST LOWER HAND ARM CHEST LOWER HAND ARM CHEST HAND ARM CHEST
min f mn right ACK man right BACK

(Actual top.) (Change in top.) (Estimated top.) (Change in top.)
..................... ............................................... 4..... .....................

0 30.40 32.20 36.00 33.60 0.00 0.00 0.00 0.00 32.69 32.75 33.79 0.00 0.00 0.00
10 29.45 30.90 35.80 32.80 -0.95 -1.30 -0.20 -0.80 27.45 27.66 30.59 -5.24 -5.09 -3.20
20 28.75 30.10 35.30 32.30 -1.65 -2.10 -0.70 -1.30 25.11 25.72 29.23 -7.58 -7.03 -4.56
30 27.45 28.00 35.20 32.20 -2.95 -4.20 -0.80 -1.40 23.17 24.96 29.04 -9.52 -7.79 -4.75
40 26.50 27.60 35.00 32.30 -3.90 -4.60 -1.00 -1.30 21.49 24.75 29.16 1-11.20 -8.00 -4.63
50 25.45 26.70 34.60 32.40 -4.95 -5.50 -1.40 -1.20 20.00 24.71 29.28 1-12.69 -8.04 -4.51
60 23.10 25.20 34.30 32.80 -7.30 -7.00 -1.70 -0.80 18.65 24.72 29.36 1-14.04 -8.03 -4.43
70 22.15 24.90 34.20 32.90 -8.25 -7.30 -1.80 -0.70 17.46 24.76 29.40 1-15.23 -7.99 -4.39
80 21.10 24.10 34.00 32.90 -9.30 -8.10 -2.00 -0.70 16.39 24.80 29.43 1-16.30 -7.95 -4.36
90 20.15 23.30 33.30 32.80 1-10.25 -8.90 -2.70 -0.80 15.41 24.86 29.45 1-17.28 -7.89 -4.34

100 19.55 23.00 33.60 32.90 1-10.85 -9.20 -2.40 -0.70 14.55 24.93 29.6 1-18.14 -7.82 -4.33
110 18.85 23.10 33.20 32.80 1-11.55 -9.10 -2.80 -0.80 13.79 24.99 29.47 1-18.90 -7.76 -4.32
120 17.95 22.80 33.20 31.90 1-12.45 -9.40 -2.80 -1.70 13.11 25.05 29.48 1-19.58 -7.70 -4.31
130 17.15 22.60 33.30 30.60 1-13.25 -9.60 -2.70 -3.00 12.52 25.10 29.49 1-20.17 -7.65 -4.30
140 16.95 21.80 33.60 29.80 1-13.45 -10.40 -2.40 -3.80 12.01 25.14 29.49 1-20.68 -7.61 -4.30
150 16.35 21.80 33.30 29.00 1-14.05 -10.40 -2.70 -4.60 11.54 25.18 29.50 1-21.15 -7.57 -4.29
160 16.20 21.60 33.40 28.10 1-14.20 -10.60 -2.60 -5.50 11.14 25.21 29.50 1-21.55 -7.54 -4.29
170 16.05 21.30 33.90 27.60 1-14.35 -10.90 -2.10 -6.00 10.79 25.24 29.51 1-21.90 -7.51 -4.28
180 15.85 20.30 34.10 27.20 1-14.55 -11.90 -1.90 -6.40 10.47 25.26 29.51 1-22.22 -7.49 -4.28
190 15.55 19.80 34.00 26.80 1-14.85 -12.40 -2.00 -6.80 10.20 25.27 29.51 1-22.49 -7.48 -4.28
200 15.95 19.40 33.70 26.80 1-14.45 -12.80 -2.30 -6.80 9.96 25.29 29.51 1-22.73 -7.46 -4.28
210 15.90 19.10 33.70 26.40 1-14.50 -13.10 -2.30 -7.20 9.75 25.30 29.52 1-22.94 -7.45 -4.27
220 15.90 18.50 33.80 25.80 1-14.50 -13.70 -2.20 -7.80 9.56 25.31 29.52 1-23.13 -7.44 -4.27
230 15.90 18.00 34.60 25.30 1-14.50 -14.20 -1.40 -8.30 9.40 25.32 29.52 1-23.29 -7.43 -4.27
240 15.95 17.80 34.10 25.30 1-14.45 -14.40 -1.90 -8.30 9.25 25.33 29.53 1-23.44 -7.42 -4.26
250 15.35 17.40 33.90 25.10 1-15.05 -14.80 -2.10 -8.50 9.13 25.33 29.53 1-23.56 -7.42 -4.26
260 15.90 17.30 34.30 25.00 1-14.50 -14.90 -1.70 -8.60 9.02 25.34 29.53 1-23.67 -7.41 -4.26
270 15.90 17.40 34.30 25.00 1-14.50 -14.80 -1.70 -8.60 8.92 25.34 29.53 1-23.77 -7.41 -4.26
280 15.65 16.60 33.90 24.90 1-14.75 -15.60 -2.10 -8.70 8.83 25.35 29.53 1-23.86 -7.40 -4.26
290 15.60 16.30 33.80 24.60 1-14.80 -15.90 -2.20 -9.00 8.76 25.35 29.53 1-23.93 -7.40 -4.26
300 15.45 16.00 33.80 24.60 1-14.95 -16.20 -2.20 -9.00 8.69 25.35 29.53 1-24.00 -7.40 -4.26

TABLE A26. Comparison of humn upper body segment temperatures (degrees C) from Pelapu 2 with
Nodal predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual hand temperature is the mean of both hands.
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NAWCADWAR-93069-60

SMJA SMJECT No.: 14 SEX: FPiet MODEL PREDICTIONS for SUUJECT No.: 14
SUIT: UISUIT 5001 WATER TYEP: 31.37 di8 F

TIME FOOT CALF THIGN FOOT CALF THIGH FOOT CALF THIGl FOOT CALF THIGN
mi n mn right uaan right

(Actuat temp.') (Change in tap.) (Estimated temp.) (Change in tep.)
.......... . . . . ................................................. . ....................

0 26.60 30.50 29.20 0.00 0.00 0.00 35.77 32.96 33.61 0.00 0.00 0.00
10 25.65 29.80 27.10 -0.95 -0.70 -2.10 31.96 29.08 29.20 -3.81 -3.90 -4.41
20 24.55 29.40 25.90 -2.05 -1.10 -3.30 30.39 28.00 27.76 -5.38 -4.98 -5.85
30 23.55 28.70 24.90 -3.05 -1.80 -4.30 29.22 27.26 26.94 -6.55 -5.72 -6.67
40 22.60 28.10 24.40 -4.00 -2.40 -4.80 28.24 26.68 26.46 -7.53 -6.30 -7.15
50 21.70 27.40 23.80 -4.90 -3.10 -5.40 27.38 26.16 26.14 -8.39 -6.82 -7.47

60 20.80 26.60 23.40 -5.80 -3.90 -5.80 26.61 25.70 25.91 -9.16 -7.28 -7.70
70 19.85 26.00 23.20 -6.75 -4.50 -6.00 25.91 25.27 25.74 -9.86 -7.71 -7.87
80 19.00 25.40 23.00 -7.60 -5.10 -6.20 25.28 24.88 25.60 1-10.49 -8.10 -8.01
90 18.10 24.90 22.80 -a.so -5.60 -6.40 24.70 24.52 25.50 1-11.07 -8.46 -8.11

100 17.90 25.00 22.80 -8.70 -5.50 -6.40 24.18 24.20 25.42 1-11.59 -8.78 -8.19
110 17.55 25.00 22.40 -9.05 -5.50 -6.80 23.70 23.90 25.35 1-12.07 -9.08 -8.26
120 16.85 24.50 22.00 -9.75 -6.00 -7.20 23.26 23.63 25.31 1-12.51 -9.35 -8.30
130 16.70 24.20 21.80 -9.90 -6.30 -7.40 22.86 23.38 25.27 1-12.91 -9.60 -8.34
140 17.05 24.10 21.60 -9.55 -6.40 -7.60 22.49 23.16 25.24 1-13.28 -9.82 -8.37
150 16.85 23.90 20.90 1 -9.75 -6.60 -8.30 22.15 22.96 25.22 1-13.62 -10.02 -8.39
160 16.45 23.30 21.00 1-10.15 -7.20 -8.20 21.85 22.77 25.20 1-13.92 -10.21 -8.41

170 16.75 22.80 21.00 -9.85 -7.70 -8.20 21.56 22.61 25.19 1-14.21 -10.37 -8.42
180 16.90 22.60 20.80 -9.70 -7.90 -8.40 21.30 22.45 25.17 1-14.47 -10.53 -8.44
190 16.85 22.30 20.70 1 -9.75 -8.20 -8.50 21.06 22.31 25.16 1-14.71 -10.67 -8.45

200 16.10 22.00 20.80 1-10.50 -8.50 -8.40 20.85 22.19 25.15 1-14.92 -10.79 -8.46
210 15.45 21.90 20.90 1-11.15 -8.60 -8.30 20.64 22.07 25.15 1-15.13 -10.91 -8.46
220 14.95 21.90 20.90 1-11.65 -8.60 -8.30 20.46 21.97 25.14 1-15.31 -11.01 -8.47
230 14.65 21.70 20.80 1-11.95 -8.80 -8.40 20.29 21.87 25.14 1-15.48 -11.11 -8.47
240 14.65 21.70 20.90 1-11.95 -8.80 -8.30 20.13 21.78 25.13 1-15.64 -11.20 -8.48
250 15.55 21.40 21.00 1-11.05 -9.10 -8.20 19.98 21.70 25.13 1-15.79 -11.28 -8.48
260 16.05 21.30 21.00 1-10.55 -9.20 -8.20 19.85 21.63 25.12 1-15.92 -11.35 -8.49
270 15.90 21.00 21.00 1-10.70 -9.50 -8.20 19.73 21.56 25.12 1-16.04 -11.42 -8.49
280 15.15 20.70 21.10 1-11.45 -9.80 -8.10 19.61 21.50 25.12 1-16.16 -11.48 -8.49
290 14.35 21.10 21.20 -12.25 -9.40 -8.00 19.51 21.45 25.11 1-16.26 -11.53 -8.50
300 13.85 21.10 21.00 1-12.75 -9.40 -8.20 19.41 21.40 25.11 1-16.36 -11.58 -8.50

TABLE A27. Comparison of human Lower body segment temperatures (degrees C) from Petapu 2 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. ActuaL foot temperature Is the man of both feet.
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Ný'WCADWAR-93069-60

IEMAN SUBJECT No.: 13 SEX: Female MODEL PREDICTIONS for SUBJECT No.: 13
SIT: hItOCA 8380 WATER TOIP: 31.37 dog F

TINE NANO ANN CHEST LOWER MAO ARM CHEST LOW!E NANO ARM CHEST HAND ARM CHEST
min man right BACK mean right BACK

(Actual tamp.) (Change In temp.) (Estimated teap.) (Change in temp.)

0 29.70 32.90 36.10 34.80 0.00 0.00 0.00 0.00 32.69 32.75 33.79 0.00 0.00 0.00
10 29.10 32.40 35.90 34.90 -0.60 -0.50 -0.20 0.10 27."6 25.04 31.22 -5.23 -4.71 -2.57
20 29.60 31.20 35.70 34.60 .0.10 -1.70 -0.40 -0.20 25.11 26.23 30.07 -7.58 -6.52 -3.72
30 28.50 30.90 35.30 34.10 -1.20 -2.00 -0.80 -0.70 23.15 25.54 29.91 -9.54 -7.21 -3.88
40 27.80 32.00 35.60 33.80 -1.90 -0.90 -0.50 -1.00 21.45 25.75 30.31 1-11.24 -7.00 -3.48
50 28.50 32.30 35.50 33.60 -1.20 -0.60 -0.60 -1.20 19.94 25.99 30.51 1-12.75 -6.76 -3.28
60 27.20 31.60 35.00 33.30 -2.50 -1.30 -1.10 -1.50 18.58 26.17 30.59 1-14.11 -6.58 -3.20
70 26.15 31.10 34.90 33.10 .3.55 -1.80 -1.20 -1.70 17.38 26.33 30.63 1-15.31 -6.42 -3.16
80 25.75 31.20 34.60 32.80 -3.95 -1.70 -1.50 -2.00 16.30 26.47 30.66 1-16.39 -6.28 -3.13
90 24.80 30.60 34.60 32.40 -4.90 -2.30 -1.50 -2.40 15.32 26.59 30.67 1-17.37 -6.16 -3.12

100 24.40 30.70 34.60 32.20 -5.30 -2.20 -1.50 -2.60 14.46 26.69 30.68 1-18.23 -6.06 -3.11
110 24.05 30.50 34.70 31.90 -5.65 -2.40 -1.40 -2.90 13.68 26.76 30.68 1-19.01 -5.99 -3.11
120 23.25 29.90 34.50 31.70 -6.45 -3.00 -1.60 -3.10 13.00 26.82 30.68 1-19.69 -5.93 -3.11
130 22.35 30.40 33.70 31.50 -7.35 -2.50 -2.40 -3.30 12.40 26.87 30.69 1-20.29 -5.88 -3.10
140 22.30 29.80 33.80 31.50 -7.40 -3.10 -2.30 -3.30 11.87 26.90 30.69 -20.82 -5.85 -3.10
150 21.35 29.20 33.70 31.50 -8.35 -3.70 -2.40 -3.30 11.41 26.93 30.70 1-21.28 -5.82 -3.09
160 21.30 28.80 34.00 31.70 1 -8.40 -4.10 -2.10 -3.10 11.00 26.96 30.70 1-21.69 -5.79 -3.09
170 20.90 29.00 34.20 31.70 1 -8.80 -3.90 -1.90 -3.10 10.65 26.97 30.71 1-22.04 -5.78 -3.08
180 20.10 28.70 34.40 31.80 1 -9.60 -4.20 -1.70 -3.00 10.33 26.99 30.71 1-22.36 -5.76 -3.08
190 19.90 28.50 34.30 31.80 1 -9.80 -4.40 -1.80 -3.00 10.06 27.00 30.72 1-22.63 -5.75 -3.07
200 20.05 28.50 35.00 31.80 1 -9.65 -4.40 -1.10 -3.00 9.82 27.01 30.72 1-22.87 -5.74 -3.07
210 19.95 28.50 35.20 31.80 1 -9.75 -4.40 -0.90 -3.00 9.61 27.02 30.73 1-23.08 -5.73 -3.06
220 19.90 28.60 34.90 31.80 -9.80 -4.30 -1.20 -3.00 9.42 27.03 30.73 -23.27 -5.72 -3.06
230 19.20 28.20 34.60 31.70 1-10.50 -4.70 -1.50 -3.10 9.26 27.04 30.73 1-23.43 -5.71 -3.06
240 19.90 29.50 34.40 31.70 1 -9.80 -3.40 -1.70 -3.10 9.11 27.04 30.74 1-23.58 -5.71 -3.05
250 20.45 30.80 34.30 31.80 1 -9.25 -2.1C -1.80 -3.00 8.99 27.05 30.74 1-23.70 -5.70 -3.05
260 19.95 30.40 34.10 31.80 1 -9.75 -2.50 -2.00 -3.00 8.88 27.05 30.74 1-23.81 -5.70 -3.05
270 19.50 30.70 34.10 31.80 1-10.20 -2.20 -2.00 -3.00 8.78 27.06 30.74 1-23.91 -5.69 -3.05
280 19.60 30.70 34.00 31.90 1-10.10 -2.20 -2.10 -2.90 8.70 27.06 30.74 1-23.99 -5.69 -3.05
290 19.15 30.10 33.90 32.00 1-10.55 -2.80 -2.20 -2.80 8.62 27.06 30.75 1-24.07 -5.69 -3.04
300 19.80 29.70 34.00 31.90 1 -9.90 -3.20 -2.10 -2.90 8.56 27.06 30.75 1-24.13 -5.69 -3.04

TABLE A28. Comparison of human upper body segment temperatures (degrees C) from Petapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual hand temperature Is the mean of both hands.
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NAWCADWAR-93069-60

HNIAN SUBJECT No.: 13 SEX: Fin&. MODEL PREDICTIONS for SUBJECT No.: 13
SUIT: IJK=A 8380 WATER TEMP: 31.37 deg F

TINE FOOT CALF THIGH N FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH
min right j man right

(Actual top.) (Change in top.) (Estimated top.) (Change in to.)

0 29.90 30.80 29.70 1 0.00 0.00 0.00 35.76 32.96 33.61 0.00 0.00 0.00
10 29.00 30.00 25.80 1 -0.90 -0.80 -0.90 31.% 29.71 29.80 1 -3.80 -3.27 -3.81
20 23.95 28.90 27.30 1 -0.9 -1.90 -2.40 30.38 28.80 28.2 n -5.38 -4.18 -4.89
30 28.45 28.00 26.20 1-1.45 -2.80 -3.50 29.19 28.12 28.15 1 -6.57 -4.86 -5.46
40 27.25 27.30 25.40 1 -2.65 -3.50 -4.30 28.21 27.56 27.92 -7.55 -5.42 -5.69
50 27.05 26.70 24.80 1 -2.35 -4.10 -4.90 27.35 27.05 27.78 1 -8.41 -5.93 -5.83
60 26.25 26.10 24.10 1 -3.65 -4.70 -5.60 26.56 26.58 27.67 1 -9.20 -6.40 -5.94
70 25.80 25.60 23.60 1 -4.10 -5.20 -6.10 25.86 26.16 27.59 1 -9.90 -6.62 -6.02
80 24.65 25.10 23.30 1 -5.25 -5.70 -6.40 25.23 25.78 27.54 1-10.53 -7.20 -6.07
90 24.75 24.80 23.10 1 -5.15 -6.00 -6.60 24.64 25.43 27.51 1-11.12 -7.55 -6.10

100 24.90 24.50 22.90 1 -5.00 -6.30 -6.80 24.11 25.11 27.48 1-11.65 -7.87 -6.13
110 24.15 24.10 22.80 1 -5.75 -6.70 -6.90 23.64 24.83 27.47 1-12.12 -8.15 -6.14
120 24.00 23.90 22.60 1 -5.90 -6.90 -7.10 23.19 24.57 27.46 1-12.57 -8.41 -6.15
130 22.80 23.70 22.30 1 -7.10 -7.10 -7.40 22.80 24.34 27.46 1-12.96 -8.64 -6.15
140 21.55 23.40 22.10 1 -8.35 -7.40 -7.60 22.43 24.14 27.45 1-13.33 -8.84 -6.16
150 20.80 23.10 21.90 -9.10 -7.70 -7.80 22.10 23.95 27.45 1-13.66 -9.03 -6.16
160 20.10 22.90 21.90 1 -9.80 -7.90 -7.80 21.79 23.78 27." 1-13.97 -9.20 -6.17
170 19.15 22.70 22.00 1-10.75 -8.10 -7.70 21.52 23.63 27." 1-14.24 -9.35 -6.17
180 18.00 22.50 22.00 1-11.90 -8.30 -7.70 21.26 23.49 27." 1-14.50 -9.49 -6.17
190 17.50 22.40 22.00 1-12.40 -8.40 -7.70 21.03 23.36 27." 1-14.73 -9.62 -6.17
200 17.05 22.10 21.80 1-12.85 -8.70 -7.90 20.32 23.25 27.4 1-14.94 -9.73 -6.17
210 16.70 21.90 21.60 1-13.20 -8.90 -8.10 20.62 23.15 27." 1-15.14 -9.83 -6.17
220 16.00 21.70 21.40 1-13.90 -9.10 -8.30 20." 23.05 27.43 1-15.32 -9.93 -6.18
230 15.35 21.30 21.20 1-14.55 -9.50 -8.50 20.28 22.97 27.43 1-15.48 -10.01 -6.18
240 14.70 21.00 21.00 1-15.20 -9.80 -8.70 20.12 22.89 27.43 1-15.64 -10.09 -6.18
250 14.00 20.80 21.00 1-15.90 -10.00 -8.70 19.99 22.82 27.43 1-15.77 -10.16 -6.18
260 13.75 20.80 21.10 1-16.15 -10.00 -8.60 19.86 22.76 27.43 1-15.90 -10.22 -6.18
270 13.35 20.60 21.30 1-16.55 -10.20 -8.40 19.74 22.70 27.43 1-16.02 -10.28 -6.18
280 13.10 20.50 21.30 1-16.80 -10.30 -8.40 19.63 22.64 27.43 1-16.13 -10.34 -6.18
290 12.85 20.30 21.30 1-17.05 -10.50 -8.40 19.54 22.59 27.43 1-16.22 -10.39 -6.18
300 12.65 20.10 21.30 1-17.25 -10.70 -8.40 19."4 22.55 27.43 1-16.32 -10.43 -6.18

TABLE A29. Comparison of human Lower body segment temperatures (degrees C) from Pelapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from grou P2-f: female subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

NJIMAN SUJBJECT mo.: 15 SEX: Ferute MODEL PREDICTIONIS for SUBJECT No.: 15
WIT: MWIOA 8380 WATER TEMP: 31.37 dog F

TIME NMD AM CHEST LOWER HAND ARM CHEST LOWER HAND ARN CHEST MAND ARM CHEST
win mean right BACK mean right BACK

(Actual top.) a(Chnge in temp.) (Estimated top.) CChImqe in top.)
.................... .................................................... .....................

0 33.50 32.20 34.80 33.90 0.00 0.00 0.00 0.00 32.69 32.75 33.79 0.00 0.00 0.00
10 32.70 31.30 34.30 33.20 -0.80 -0.90 -0.50 -0.70 27."6 27.71 30.70 -5.23 -5.04 -3.09
20 31.60 30.70 34.20 32.90 -1.90 -1.50 -0.60 -1.00 25.11 25.80 29.37 -7.58 -6.95 -4.42
30 30.60 30.00 34.10 33.00 -2.90 -2.20 -0.70 -0.90 23.16 25.10 29.23 -9.53 -7.65 -4.56
40 29.33 29.50 33.80 33.00 -4.15 -2.70 -1.00 -0.90 21.47 24.96 29.39 1-11.22 -7.79 -4.40
50 27.55 29.00 33.10 32.90 -5.95 -3.20 -1.70 -1.00 19.98 24.94 29.51 1-12.71 -7.81 -4.28
60 26.15 28.00 32.60 32.80 -7.35 -4.20 -2.20 -1.10 18.63 24.98 29.59 -14.06 -7.77 -4.20
70 25.50 27.30 31.90 32.90 -8.00 -4.90 -2.90 -1.00 17.43 25.03 29.63 1-15.26 -7.72 -4.16
80 24.45 26.90 31.60 32.80 -9.05 -5.30 -3.20 -1.10 16.36 25.09 29.66 1-16.33 -7.66 -4.13
90 23.35 26.50 31.40 32.80 1-10.15 -5.70 -3.40 -1.10 15.38 25.17 29.69 1-17.31 -7.58 -4.10

100 22.55 26.30 31.40 32.80 1-10.95 -5.90 -3.40 -1.10 14.52 25.25 29.70 1-18.17 -7.50 -4.09
110 21.60 25.70 31.20 32.80 1-11.90 -6.50 -3.60 -1.10 13.75 25.32 29.71 1-18.94 -7.43 -4.08
120 21.20 26.00 31.40 32.90 1-12.30 -6.20 -3.40 -1.00 13.07 25.38 29.72 1-19.62 -7.37 -4.07
130 20.60 24.90 31.80 33.00 1-12.90 -7.30 -3.00 -0.90 12.48 25.43 29.73 -20.21 -7.32 -4.06
140 20.10 25.10 32.30 33.10 1-13.40 -7.10 -2.50 -0.80 11.96 25.48 29.73 1-20.73 -7.27 -4.06
150 19.95 25.10 32.60 33.10 1-13.55 -7.10 -2.20 -0.80 11.50 25.51 29.74 -21.19 -7.24 -4.05
160 20.25 24.90 32.70 33.00 1-13.25 -7.30 -2.10 -0.90 11.10 25.54 29.74 1-21.59 -7.21 -4.05
170 20.15 24.70 32.70 33.00 1-13.35 -7.50 -2.10 -0.90 10.75 25.56 29.74 1-21.94 -7.19 -4.05
180 20.05 25.00 32.70 33.00 1-13.45 -7.20 -2.10 -0.90 10.43 25.58 29.75 1-22.26 -7.17 -4.04
190 19.70 24.40 32.30 32.80 1-13.80 -7.80 -2.50 -1.10 10.16 25.60 29.75 1-22.53 -7.15 -4.04
200 20.20 25.00 32.20 32.90 1-13.30 -7.20 -2.60 -1.00 9.92 25.61 29.75 1-22.77 -7.14 -4.04
210 20.50 25.50 32.30 32.80 1-13.00 -6.70 -2.50 -1.10 9.71 25.62 29.76 1-22.98 -7.13 -4.03
220 20.90 25.90 32.30 32.80 1-12.60 -6.30 -2.50 -1.10 9.52 25.63 29.76 1-23.17 -7.12 -4.03
230 20.95 26.60 32.00 32.70 1-12.55 -5.60 -2.80 -1.20 9.36 25.64 29.76 1-23.33 -7.11 -4.03
240 20.80 26.00 32.30 32.70 1-12.70 -6.20 -2.50 -1.20 9.22 25.65 29.77 1-23.47 -7.10 -4.02
250 20.30 26.00 32.00 32.60 1-13.20 -6.20 -2.80 -1.30 9.09 25.65 29.77 1-23.60 -7.10 -4.02
260 20.45 25.70 31.90 32.70 1-13.05 -6.50 -2.90 -1.20 8.98 25.66 29.77 1-23.71 -7.09 -4.02
270 20.85 26.10 32.30 32.80 1-12.65 -6.10 -2.50 -1.10 8.88 25.66 29.77 1-23.81 -7.09 -4.02
280 21.10 26.30 32.50 32.90 1-12.40 -5.90 -2.30 -1.00 8.80 25.67 29.77 1-23.89 -7.08 -4.02
290 21.45 26.50 32.50 32.90 1-12.05 -5.70 -2.30 -1.00 8.73 25.67 29.77 1-23.96 -7.08 -4.02
300 21.50 26.60 32.20 32.90 1-12.00 -5.60 -2.60 -1.00 8.66 25.67 29.77 1-24.03 -7.08 -4.02

TABLE A30. Comparison of human upper body segmen t temperatures (degrees C) from Pelapu 2 with

Model predictions. Actual temperatures and change from initiat temperatures are given.
Data from group P2-f: fealet subjects. Actual hand temperature is the mean of both hands.
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NAWCADWAR-93069-60

IIUNA" SUBJECT No.: 15 SEX: Fmale MODEL PREDICTIONS for SUBJECT No0.: 15
SUIT: UIOKA 8380 WATER TENP: 31.37 deg F

TIME FOOT CALF THIGC FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH
min a right mean right

(Actual temp.) (Change in temp.) (Estimated temp.) (Change in tom.)
--------.................... ................................................. .....................

0 32.15 26.50 26.50 0.00 0.00 0.00 35.77 32.96 33.61 0.00 0.00 0.00
10 31.10 24.90 24.30 -1.05 -1.60 -2.20 31.97 29.12 29.26 -3.80 -3.86 -4.35
20 30.30 23.90 22.80 -1.85 -2.60 -3.70 30.39 28.05 27.87 -5.38 -4.93 -5.74
30 29-50 23.00 21.80 -2.65 -3.50 -4.70 29.22 27.33 27.10 -6.55 -5.65 -6.51
40 28.85 22.20 21.00 -3.30 -4.30 -5.50 28.24 26.75 26.67 -7.53 -6.23 -6.94
50 27.60 20.90 20.40 -4.55 -5.60 -6.10 27.39 26.23 26.37 -8.38 -6.75 -7.24
60 26.80 20.30 20.00 -5.35 -6.20 -6.50 26.61 25.77 26.16 -9.16 -7.21 -7.45
70 25.90 19.30 19.60 -6.25 -7.20 -6.90 25.91 25.34 26.01 -9.86 -7.64 -7.60
80 25.15 18.70 19.30 -7.00 -7.80 -7.20 25.28 24.95 25.89 1-10.49 -8.03 -7.72
90 24.15 18.60 19.10 -8.00 -7.90 -7.40 24.70 24.60 25.79 1-11.07 -8.38 -7.82

100 23.60 18.00 18.90 -8.55 -8.50 -7.60 24.18 24.27 25.73 1-11.59 -8.71 -7.88
110 22.90 17.60 18.90 -9.25 -8.90 -7.60 23.70 23.98 25.68 1-12.07 -9.00 -7.93
120 22.55 17.30 18.80 -9.60 -9.20 -7.70 23.26 23.71 25.64 1-12.51 -9.27 -7.97
130 22.00 17.00 18.70 1-10.15 -9.50 -7.80 22.86 23.47 25.61 1-12.91 -9.51 -8.00
140 21.40 17.00 18.80 1-10.75 -9.50 -7.70 22.50 23.25 25.58 1-13.27 -9.73 -8.03
150 20.90 16.60 18.70 1-11.25 -9.90 -7.80 22.16 23.05 25.57 1-13.61 -9.93 -8.04
160 20.30 16.20 18.60 1-11.85 -10.30 -7.90 21.85 22.86 25.55 1-13.92 -10.12 -8.06
170 19.75 16.00 18.70 1-12.40 -10.50 -7.80 21.57 22.70 25.54 1-14.20 -10.28 -8.07
180 19.20 16.00 18.80 -12.95 -10.50 -7.70 21.31 22.55 25.53 1-14.46 -10.43 -8.08
190 18.75 15.80 18.90 1-13.40 -10.70 -7.60 21.08 22.41 25.52 1-14.69 -10.57 -8.09
200 18.45 15.50 18.90 1-13.70 -11.00 -7.60 20.86 22.29 25.52 1-14.91 -10.69 -8.09
210 18.05 15.20 18.80 1-14.10 -11.30 -7.70 20.66 22.18 25.51 1-15.11 -10.80 -8.10
220 17.90 15.20 18.7 1-14.25 -11.30 -7.80 20.48 22.08 25.51 1-15.29 -10.90 -8.10
230 17.85 15.00 18.60 1-14.30 -11.50 -7.90 20.31 21.98 25.50 1-15.46 -11.00 -8.11
240 17.70 15.10 18.60 1-14.45 -11.40 -7.90 20.15 21.90 25.50 1-15.62 -11.08 -8.11
250 17.20 15.00 18.60 1-14.95 -11.50 -7.90 20.01 21.82 25.49 1-15.76 -11.16 -8.12
260 16.70 14.80 18.80 1-15.45 -11.70 -7.70 19.88 21.75 25.49 1-15.89 -11.23 -8.12
270 16.45 14.70 19.40 1-15.70 -11.80 -7.10 19.76 21.68 25.49 1-16.01 -11.30 -8.12
280 16.20 14.60 19.80 1-15.95 -11.90 -6.70 19.65 21.62 25.49 1-16.12 -11.36 -8.12
290 16.00 14.40 20.00 1-16.15 -12.10 -6.50 19.54 21.57 25.48 1-16.23 -11.41 -8.13
300 15.90 14.10 19.90 1-16.25 -12.40 -6.60 19.45 21.52 25.41 1-16.32 -11.46 -8.13

TABLE A31. Comparison of human tower body segment temperatures (degrees C) from Petapu 2 with

Model predictions. Actual temperatures and change from Initial temperatures are given.
Data from group P2-f: female subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

UMIA SUBJECT No.: 12 SEX: Nate NODEL PREDICTIONS for SUBJECT No.: 12
SUIT: UINSUIT 5001 WATER TEIW: 31.37 deg F

TIME MoD ARM CHEST LOWER HAND ARM CHEST LOWER HAND ARM CHEST KHAN ARM CHEST
rain mean right BACK mom right BACK

(Actual temp.) (Change in top.) (Estimated temp.) (Change in temp.)
.-.--.. ----...-............-....-.. ---------------------------------------------------- ---------------------

0 33.90 35.40 34.40 33.80 0.00 0.00 0.00 0.00 32.71 32.75 33.79 0.00 0.00 0.00
10 33.55 34.70 34.00 32.40 -0.35 -0.70 -0.40 -1.40 27.53 28.12 31.05 -5.18 -4.63 -2.74
20 32.80 34.20 33.40 31.30 -1.10 -1.20 -1.00 -2.50 25.34 26.40 30.09 -7.37 -6.35 -3.70
30 31.80 31.80 32.60 31.70 -2.10 -3.60 -1.80 -2.10 23.52 25.50 29.73 -9.19 -7.25 -4.06
40 30.70 30.50 31.70 31.40 -3.20 -4.90 -2.70 -2.40 21.93 25.42 30.02 -10.78 -7.33 -3.77
50 30.05 30.80 31.20 31.10 -3.85 -4.60 -3.20 -2.70 20.50 25.63 30.32 1-12.21 -7.12 -3.47
60 29.30 30.80 30.70 30.50 -4.60 -4.60 -3.70 -3.30 19.19 25.86 30.48 1-13.52 -6.89 -3.31
70 28.35 30.30 30.10 30.00 -5.55 -5.10 -4.30 -3.80 18.03 26.04 30.55 1-14.68 -6.71 -3.24
80 27.55 29.90 30.10 29.60 -6.35 -5.50 -4.30 -4.20 16.98 26.22 30.57 1-15.73 -6.53 -3.22
90 26.55 29.40 30.20 29.30 -7.35 -6.00 -4.20 -4.50 16.04 26.35 30.57 1-16.67 -6.40 -3.22

100 25.45 28.80 30.10 26.90 -8.45 -6.60 -4.30 -6.90 15.20 26.45 30.55 1-17.51 -6.30 -3.24
110 24.70 28.40 30.10 28.80 -9.20 -7.00 -4.30 -5.00 14.46 26.53 30.53 1-18.25 -6.22 -3.26
120 24.10 27.80 30.10 28.70 -9.80 -7.60 -4.30 -5.10 13.79 26.60 30.50 1-18.92 -6.15 -3.29
130 23.30 27.50 30.10 28.80 1-10.60 -7.90 -4.30 -5.00 13.19 26.66 30.48 1-19.52 -6.09 -3.31
140 22.60 27.60 30.00 28.90 1-11.30 -7.80 -4.40 -4.90 12.66 26.72 30.47 1-20.05 -6.03 -3.32
150 21.80 27.10 30.30 23.70 1-12.10 -8.30 -4.10 -10.10 12.18 26.76 30.45 1-20.53 -5.99 -3.34
160 21.40 27.30 30.70 28.60 1-12.50 -8.10 -3.70 -5.20 11.76 26.79 30.44 1-20.95 -5.96 -3.35
170 20.35 27.50 31.00 28.70 1-13.05 -7.90 -3.40 -5.10 11.38 26.79 30.42 1-21.33 -5.96 -3.37
180 20.20 27.40 31.00 28.70 1-13.70 -8.00 -3.40 -5.10 11.04 26.82 30.41 1-21.67 -5.93 -3.38
190 19.75 27.10 31.10- 28.60 1-14.15 -8.30 -3.30 -5.20 10.73 26.85 30.40 1-21•.98 -5.90 -3.39
200 19.20 26.90 31.30 28.80 1-14.70 -8.50 -3.10 -5.00 10.46 26.37 30.40 1-22.25 -5.38 -3.39
210 18.75 26.70 31.20 29.00 1-15.15 -8.70 -3.20 -4.80 10.22 26.88 30.39 1-22.49 -5.87 -3.40
220 18.30 26.70 31.60 28.90 1-15.60 -8.70 -2.80 -4.90 10.01 26.89 30.38 1-22.70 -5.86 -3.41
230 18.05 26.30 31.20 28.80 1-15.85 -9.10 -3.20 -5.00 9.81 26.90 30.38 1-22.90 -5.85 -3.41
240 17.50 26.30 31.00 28.70 1-16.40 -9.10 -3.40 -5.10 9.64 26.90 30.38 1-23.07 -5.85 -3.41
250 17.50 26.30 31.00 28.70 1-16.40 -9.10 -3.40 -5.10 9.49 26.91 30.37 1-23.22 -5.84 -3.42
260 17.15 26.00 30.70 28.70 1-16.75 -9.40 -3.70 -5.10 9.35 26.91 30.37 1-23.36 -5.84 -3.42
270 16.90 26.10 31.00 28.80 1-17.00 -9.30 -3.40 -5.00 9.23 26.92 30.37 1-23.48 -5.83 -3.42
280 16.65 25.80 30.90 28.80 1-17.25 -9.60 -3.50 -5.00 9.12 26.92 30.36 1-23.59 -5.83 -3.43
290 16.55 25.80 30.70 28.90 1-17.35 -9.60 -3.70 -4.90 9.02 26.92 30.36 1-23.69 -5.83 -3.43
300 16.25 25.90 30.90 28.90 1-17.65 -9.50 -3.50 -4.90 8.93 26.92 30.36 1-23.78 -5.83 -3.43
310 16.10 26.00 30.90 29.00 1-17.80 -9.40 -3.50 -4.80 8.85 26.93 30.36 1-23.86 -5.82 -3.43
320 15.70 25.90 31.00 29.30 1-18.20 -9.50 -3.40 -4.50 8.79 26.93 30.35 1-23.92 -5.82 -3.44

330 15.75 26.30 30.70 29.00 1-18.15 -9.10 -3.70 -4.80 8.72 26.93 30.35 1-23.99 -5.82 -3.44

TABLE A32. Comparison of human upper body segment temperatures (degrees C) from Petapu 2 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: male subjects. Actual hand temperature is the mean of both hands.
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 12 SEX: Mate MODEL PREDICTIONS for SUBJECT No.: 12
SUIT: UISUIT 5001 WATER TEMP: 31.37 dog F

TIME FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH
ain man right man right

(Actul temp.) (Change in tep.) (Estimted temp.) (Change in temp.)
------------------................................................................... +.......

0 31.05 31.60 31.90 1 0.00 0.00 0.00 35.78 32.96 33.61 1 0.00 0.00 0.00
10 30.25 28.20 28.70 1 -0.80 -3.40 -3.20 31.99 30.09 30.16 1 -3.79 -2.89 -3.45
20 29.45 26.50 27.00 1 -1.60 -5.10 -4.90 30.43 29.28 29.20 -5.35 -3.70 -4.41
30 28.65 25.00 25.70 1 -2.40 -6.60 -6.20 29.24 28.62 28.64 1 -6.54 -4.36 -4.97
40 27.85 24.00 24.70 1 -3.20 -7.60 -7.20 28.26 28.08 28.35 1 -7.52 -4.90 -5.26
50 27.55 22.90 23.70 1 -3.50 -8.70 -8.20 27.40 27.58 28.18 1 -8.38 -5.40 -5.43
60 27.05 22.10 23.10 1 -4.00 -9.50 -8.80 26.62 27.11 28.04 1 -9.16 -5.87 -5.57
70 26.90 21.50 22.30 1 -4.15 -10.10 -9.60 25.91 26.68 27.94 1 -9.87 -6.30 -5.67
80 26.25 20.90 21.80 1 -4.80 -10.70 -10.10 25.25 26.27 27.85 1-10.53 -6.71 -5.76
90 25.65 20.50 21.40 1 -5.40 -11.10 -10.50 24.64 25.88 27.78 1-11.14 -7.10 -5.83

100 25.35 20.00 20.90 1 -5.70 -11.60 -11.00 24.08 25.53 27.72 1-11.70 -7.45 -5.89
110 24.90 19.70 20.60 1 -6.15 -11.90 -11.30 23.56 25.20 27.66 1-12.22 -7.78 -5.95
120 24.65 19.40 20.20 -6.40 -12.20 -11.70 23.07 24.89 27.62 1-12.71 -8.09 -5.99
130 23.95 19.20 20.10 -7.10 -12.40 -11.80 22.62 24.61 27.59 1-13.16 -8.37 -6.02
140 23.50 19.10 19.80 1 -7.55 -12.50 -12.10 22.21 24.35 27.57 1-13.57 -8.63 -6.04
150 23.40 18.80 19.50 -7.65 -12.80 -12.40 21.82 24.12 27.55 1-13.96 -8.86 -6.06
160 23.20 18.60 19.40 1 -7.85 -13.00 -12.50 21.47 23.90 27.53 1-14.31 -9.08 -6.08
170 22.75 18.30 19.10 1 -8.30 -13.30 -12.80 21.14 23.70 27.51 1-14.64 -9.28 -6.10
180 22.50 18.00 19.00 1 -8.55 -13.60 -12.90 20.83 23.52 27.50 1-14.95 -9.46 -6.11
190 22.10 17.10 19.00 1 -8.95 -14.50 -12.90 20.55 23.35 27.49 1-15.23 -9.63 -6.12
200 21.45 17.60 18.90 1 -9.60 -14.00 -13.00 20.29 23.20 27.48 1-15.49 -9.78 -6.13
210 20.90 17.30 19.20 1-10.15 -14.30 -12.70 20.04 23.06 27.47 1-15.74 -9.92 -6.14
220 20.65 17.20 19.40 1-10.40 -14.40 -12.50 19.82 22.93 27.46 1-15.96 -10.05 -6.15
230 20.00 17.20 19.90 1-11.05 -14.40 -12.00 19.61 22.82 27.45 1-16.17 -10.16 -6.16
240 19.75 17.20 20.50 1-11.30 -14.40 -11.40 19.42 22.71 27.45 1-16.36 -10.27 -6.16
250 19.45 17.50 20.30 1-11.60 -14.10 -11.60 19.24 22.61 27.44 1-16.54 -10.37 -6.17
260 19.10 17.70 21.10 1-11.95 -13.90 -10.80 19.08 22.52 27.4 1-16.70 -10.46 -6.17
270 18.80 17.70 21.30 1-12.25 -13.90 -10.60 18.92 22.43 27.43 1-16.86 -10.55 -6.18
280 18.35 17.80 21.50 1-12.70 -13.80 -10.40 18.78 22.35 27.43 1-17.00 -10.63 -6.18
290 18.00 17.70 21.70 1-13.05 -13.90 -10.20 18.65 22.28 27.42 1-17.13 -10.70 -6.19
300 17.65 17.50 21.60 1-13.40 -14.10 -10.30 18.53 22.22 27.42 1-17.25 -10.76 -6.19
310 17.35 17.40 21.90 1-13.70 -14.20 -10.00 18.42 22.16 27.41 1-17.36 -10.82 -6.20
320 16.95 17.30 22.00 1-14.10 -14.30 -9.90 18.31 22.10 27.41 1-17.47 -10.88 -6.20
330 16.50 17.40 22.00 1-14.55 -14.20 -9.90 18.21 22.05 27.40 1-17.57 -10.93 -6.21

TABLE A33. Comparison of human upper body segment temperatures (degrees C) from PeLapu 2 with
Model predictions. Actual temperatures and change from initfat temperatures are given.
Data from group P2-m: maLe subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

UUNU SUJECT No.: 16 SEX: MaLe MODEL PREDICTIONS for SUBJECT No.: 16

SUIT: IRSUIT 5001 WATER TEMP: 31.37 deg F
TIME IHiD ARN CHEST LOWER NAMN ARM CHEST LOWER HAND ARM CHEST lHAND ARU4 CHEST

min men right BACK mane right BACK

(Actual temp.) (change in temp.) (Estimated top.) (Change in tap.)

0 27.80 33.30 35.60 35.50 1 0.00 0.00 0.00 0.00 32.71 32.75 33.79 0.00 0.00 0.00
10 27.65 31.80 34.50 34.80 1 -0.15 -1.50 -1.10 -0.70 27.52 27.98 30.83 -5.19 -4.7 -2.96
20 27.20 31.40 33.60 34.60 1 -0.60 -1.90 -2.00 -0.90 25.33 26.25 29.83 -7.38 -6.50 -3.96
30 26.60 31.10 33.20 34.50 1 -1.20 -2.20 -2.40 -1.00 23.53 25.39 29.53 -9.18 -7.36 -4.26
40 26.00 30.60 33.10 34.20 1 -1.80 -2.70 -2.50 -1.30 21.96 25.28 29.79 1-10.75 -7.47 -4.00
50 25.25 30.30 32.70 33.80 1 -2.55 -3.00 -2.90 -1.70 20.55 25.33 29.99 1-12.16 -7.42 -3.80
60 24.20 29.50 32.50 33.20 1 -3.60 -3.80 -3.10 -2.30 19.25 25.44 30.12 1-13." -7.31 -3.67

70 23.45 29.00 32.60 32.70 1 -4.35 -4.30 -3.00 -2.80 18.10 25.58 30.19 1-14.61 -7.17 -3.60

80 23.00 28.90 31.90 32.30 1 -4.80 -4.40 -3.70 -3.20 17.06 25.71 30.22 1-15.65 -7.04 -3.57

90 22.10 28.50 32.00 31.80 1 -5.70 -4.80 -3.60 -3.70 16.13 25.83 30.23 1-16.58 -6.92 -3.56
100 21.55 28.00 31.80 31.30 -6.25 -5.30 -3.80 -4.20 15.30 25.94 30.21 1-17.41 -6.81 -3.58
110 20.85 27.80 31.70 30.70 1 -6.95 -5.50 -3.90 -4.80 14.56 26.02 30.19 1-18.15 -6.73 -3.60
120 20.20 27.00 31.90 30.30 1 -7.60 -6.30 -3.70 -5.20 13.89 26.10 30.17 1-18.82 -6.65 -3.62
130 19.00 26.00 31.20 29.9u -8.80 -7.30 -4.40 -5.60 13.29 26.16 30.15 1-19.42 -6.59 -3.64

140 18.50 25.60 30.70 29.60 1 -9.30 -7.70 -4.90 -5.90 12.76 26.22 30.14 1-19.95 -6.53 -3.65
150 17.85 24.80 30.90 29.20 1 -9.95 -8.50 -4.70 -6.30 12.28 26.26 30.12 1-?0.43 -6.49 -3.67
160 16.35 24.50 30.50 29.00 1-11.45 -8.80 -5.10 -6.50 11.86 26.30 30.11 1-20.85 -6.45 -3.68
170 16.35 25.50 30.40 29.00 1-11.45 -7.80 -5.20 -6.50 11.48 26.33 30.09 1-21.23 -6.42 -3.70
180 16.45 26.30 31.20 29.00 1-11.35 -7.00 -4.40 -6.50 11.13 26.35 30.08 1-21.58 -6.40 -3.71
190 15.75 25.70 30.80 28.80 1-12.05 -7.60 -4.80 -6.70 10.83 26.37 30.07 1-21.88 -6.38 -3.72
200 15.35 25.40 30.40 28.70 1-12.45 -7.90 -5.20 -6.80 10.56 26.39 30.06 1-22.15 -6.36 -3.73
210 14.95 24.70 30.40 28.50 1-12.85 -8.60 -5.20 -7.00 10.31 26.40 30.06 1-22.40 -6.35 -3.73
220 14.35 24.60 30.30 28.20 1-13.45 -8.70 -5.30 -7.30 10.09 26.41 30.05 1-22.62 -6.34 -3.74
230 13.80 24.10 30.60 28.10 1-14.00 -9.20 -5.00 -7.40 9.90 26.42 30.04 1-22.81 -6.33 -3.75
240 13.30 24.20 30.10 28.10 1-14.50 -9.10 -5.50 -7.40 9.72 26.43 30.04 1-22.99 -6.32 -3.75
250 13.00 23.80 30.20 27.90 1-14.80 -9.50 -5.40 -7.60 9.56 26.43 30.04 1-23.15 -6.32 -3.75
260 12.70 23.40 30.40 27.80 1-15.10 -9.90 -5.20 -7.70 9.43 26.44 30.03 1-23.28 -6.31 -3.76
270 12.80 23.50 31.10 27.60 1-15.00 -9.80 -4.50 -7.90 9.30 26.44 30.03 1-23.41 -6.31 -3.76
280 12.90 23.60 31.00 27.50 1-14.90 -9.70 -4.60 -8.00 9.19 26.45 30.02 1-23.52 -6.30 -3.77
290 12.95 23.10 31.60 27.20 1-14.85 -10.20 -4.00 -8.30 9.09 26.45 30.02 1-23.62 -6.30 -3.77
300 12.90 22.90 31.30 27.00 1-14.90 -10.40 -4.30 -8.50 9.00 26.45 30.02 1-23.71 -6.30 -3.77

TABLE A34. Comparison of human upper body segment temperatures (degrees C) from Petapu 2 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: mate subjects. Actual hand temperature is the mean of both hands.
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NAWCADWAR-93069-60

IUMAN SUBJECT No.: 16 SEX: Mate MODEL PREDICTIONS for SUBJECT No.: 16
SUIT: URSUIT 5001 WATER TEMP: 31.37 deg F

TINE FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH
min Nn right mean right

(Actual temp.) (Change in temp.) (Estimated temp.) (Change in teMp.)
-..... . ... . .......................................................................-----------------

0 25.75 28.80 30.00 0.00 0.00 0.00 35.78 32.98 33.61 1 0.00 0.00 0.00
10 24.85 26.50 27.90 -0.90 -2.30 -2.10 31.98 29.81 29.88 1 -3.80 -3.17 -3.73
20 24.30 25.50 26.70 -1.45 -3.30 -3.30 30.42 28.98 28.87 1 -5.36 -4.00 -4.74
30 23.80 24.70 25.30 -1.95 -4.10 -4.70 29.24 28.33 28.28 1 -6.54 -4.65 -5.33
40 23.20 24.00 24.10 -2.55 -4.80 -5.90 28.26 27.79 27.97 1 -7.52 -5.19 -5.64
50 22.70 23.30 23.40 -3.05 -5.50 -6.60 27.40 27.30 27.74 1 -8.38 -5.68 -5.87
60 22.10 22.70 22.70 -3.65 -6.10 -7.30 26.62 26.83 27.57 1 -9.16 -6.15 -6.04
70 21.55 22.40 22.40 -4.20 -6.40 -7.60 25.91 26.40 27.4" -9.87 -6.58 -6.17
80 21.05 22.00 22.10 -4.70 -6.80 -7.90 25.26 25.99 27.33 1-10.52 -6.99 -6.28
90 20.55 21.70 21.70 -5.20 -7.10 -8.30 24.65 25.61 27.24 1-11.13 -7.37 -6.37

100 19.90 21.80 21.70 -5.85 -7.00 -8.30 24.09 25.25 27.17 1-11.69 -7.73 -6.44
110 19.65 22.10 21.60 -6.10 -6.70 -8.40 23.57 24.92 27.11 1-12.21 -8.06 -6.50
120 19.25 22.40 21.40 -6.50 -6.40 -8.60 23.08 24.61 27.06 1-12.70 -8.37 -6.55
130 18.55 22.30 21.40 -7.20 -6.50 -8.60 22.63 24.33 27.02 1-13.15 -8.65 -6.59
140 17.90 22.20 21.50 -7.85 -6.60 -8.50 22.22 24.07 26.99 1-13.56 -8.91 -6.62
150 17.45 22.00 21.40 -8.30 -6.80 -8.60 21.83 23.82 26.96 1-13.95 -9.16 -6.65
160 16.95 21.50 21.30 1 -8.80 -7.30 -8.70 21.47 23.60 26.94 1-14.31 -9.38 -6.67
170 16.60 21.20 21.10 1 -9.15 -7.60 -8.90 21.14 23.40 26.92 1-14.64 -9.58 -6.69
180 16.45 20.90 21.00 1 -9.30 -7.90 -9.00 20.83 23.21 26.90 1-14.95 -9.77 -6.71
190 16.15 20.80 21.00 1 -9.60 -8.00 -9.00 20.55 23.04 26.89 1-15.23 -9.94 -6.72
200 15.60 20.70 20.90 1-10.15 -8.10 -9.10 20.28 22.88 26.87 1-15.50 -10.10 -6.74
210 15.20 20.50 20.70 1-10.55, -8.30 -9.30 20.03 22.74 26.86 1-15.75 -10.24 -6.75
220 14.90 20.40 20.60 1-10.85 -8.40 -9.40 19.81 22.61 26.85 1-15.97 -10.37 -6.76
230 14.70 20.20 20.50 1-11.05 -8.60 -9.50 19.60 22.48 26.84 1-16.18 -10.50 -6.77
240 14.35 19.70 20.70 1-11.40 -9.10 -9.30 19.40 22.37 26.84 1-16.38 -10.61 -6.77
250 14.15 19.30 20.60 1-11.60 -9.50 -9.40 19.22 22.27 26.83 1-16.56 -10.71 -6.78
260 13.65 19.00 20.70 1-12.10 -9.80 -9.30 19.05 22.17 26.82 1-16.73 -10.81 -6.79
270 13.50 18.80 20.70 1-12.25 -10.00 -9.30 18.89 22.08 26.81 1-16.89 -10.90 -6.80
280 13.20 18.50 20.50 1-12.55 -10.30 -9.50 18.75 22.00 26.81 1-17.03 -10.98 -6.80
290 12.85 18.10 20.20 1-12.90 -10.70 -9.80 18.61 21.93 26.80 1-17.17 -11.05 -6.81
300 12.50 18.20 20.60 1-13.25 -10.60 -9.40 18.48 21.86 26.80 1-17.30 -11.12 -6.81

TABLE A35. Comparison of human upper body segment temperatures (degrees C) from PeLapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: male subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

HUMN SUBJECT No.: 10 SEX: Mate MODEL PREDICTIONS for SUEJECT No.: 10
SUIT: RUKOKA 8380 WATER TEMP: 31.37 deg F
TINE HAND ARM CHEST LOWER HAND ARM CHEST LOWER HAND ARM CHEST MANO ARM CHEST

ra!n man right BACK mean right BACK

(Actual tarp.) (Change in teap.) (Estimated temp.) (Change in temp.)

0 32.55 33.70 34.90 34.80 1 0.00 0.00 0.00 0.00 32.70 32.76 33.80 0.00 0.00 0.00
10 31.10 32.60 34.80 35.10 -1.45 -1.10 -0.10 0.30 27.48 28.82 32.07 -5.22 -3.94 -1.73
20 27.65 32.00 34.70 34.80 -4.90 -1.70 -0.20 0.00 25.25 27.15 31.28 -7.45 -5.61 -2.52
30 26.50 31.50 34.70 34.80 -6.05 -2.20 -0.20 0.00 23.33 25.97 30.62 -9.37 -6.79 -3.18
40 25.50 31.10 34.70 35.10 -7.05 -2.60 -0.20 0.30 21.67 25.93 30.93 1-11.03 -6.83 -2.87
50 24.65 30.60 34.60 34.90 -7.90 -3.10 -0.30 0.10 20.17 26.63 31.50 1-12.53 -6.13 -2.30
60 24.30 30.60 34.00 34.70 -8.25 -3.10 -0.90 -0.10 18.82 27.48 31.87 1-13.88 -5.28 -1.93
70 23.30 30.60 33.80 34.40 -9.25 -3.10 -1.10 -0.40 17.62 28.07 31.99 1-15.08 -4.69 -1.81
80 22.20 30.80 33.80 34.10 1-10.35 -2.90 -1.10 -0.70 16.54 28.42 32.01 1-16.16 -4.34 -1.79
90 21.40 31.60 34.10 33.80 1-11.15 -2.10 -0.80 -1.00 15.55 28.60 31.99 1-17.15 -4.16 -1.81

100 21.50 32.10 34.30 33.50 1-11.05 -1.60 -0.60 -1.30 14.68 28.71 31.97 1-18.02 -4.05 -1.83
110 21.30 31.80 34.30 33.30 1-11.25 -1.90 -0.60 -1.50 13.91 28.78 31.95 1-18.79 -3.98 -1.85
120 20.90 31.10 34.30 33.20 -11.65 -2.60 -0.60 -1.60 13.22 28.84 31.94 1-19.48 -3.92 -1.86
130 20.15 30.20 34.20 33.10 1-12.40 -3.50 -0.70 -1.70 12.62 28.88 31.93 1-20.08 -3.88 -1.87
140 20.85 29.80 34.30 33.10 1-11.70 -3.90 -0.60 -1.70 12.09 28.91 31.92 1-20.61 -3.85 -1.88
150 20.60 29.20 34.40 33.00 -11.95 -4.50 -0.50 -1.80 11.61 28.93 31.92 1-21.09 -3.83 -1.88
160 19.60 29.70 34.30 32.90 1-12.95 -4.00 -0.60 -1.90 11.20 28.95 31.91 1-21.50 -3.31 -1.89
170 20.50 30.80 34.60 32.80 1-12.05 -2.90 -0.30 -2.00 10.83 28.97 31.91 1-21.87 -3.79 -1.89
180 19.75 31.40 34.50 32.70 1-12.80 -2.30 -0.40 -2.10 10.50 i;.98 31.91 1-22.20 -3.78 -1.39
190 19.70 30.80 34.20 32.70 1-12.85 -2.90 -0.70 -2.10 10.21 28.99 31.91 1-22.49 -3.77 -1.39
200 19.50 30.80 34.30 32.70 1-13.05 -2.90 -0.60 -2.10 9.96 29.00 31.91 1-22.74 -3.76 -1.89
210 20.10 30.30 34.50 32.80 1-12.45 -3.40 -0.40 -2.00 9.73 29.01 31.92 1-22.97 -3.75 -1.88
220 19.50 30.20 34.40 32.90 -13.05 -3.50 -0.50 -1.90 9.53 29.01 31.92 1-23.17 -3.75 -1.38
230 20.30 29.80 34.60 32.90 1-12.25 -3.90 -0.30 -1.90 9.36 29.02 31.92 1-23.34 -3.74 -1.88
240 20.65 29.40 34.50 33.00 1-11.90 -4.30 -0.40 -1.80 9.20 29.03 31.92 1-23.50 -3.73 -1.88
250 20.55 29.00 34.30 33.20 1-12.00 -4.70 -0.60 -1.60 9.06 29.03 31.92 1-23.64 -3.73 -1.88
260 21.05 30.00 34.70 33.40 1-11.50 -3.70 -0.20 -1.40 8.94 29.03 31.92 1-23.76 -3.73 -1.88
270 22.00 31.70 34.70 33.30 1-10.55 -2.00 -0.20 -1.50 8.83 29.04 31.92 1-23.87 -3.72 -1.88
280 21.75 31.50 34.60 33.30 1-10.80 -2.20 -0.30 -1.50 8.74 29.04 31.92 1-23.96 -3.72 -1.88
290 21.50 30.90 34.60 33.10 1-11.05 -2.80 -0.30 -1.70 8.65 29.04 31.92 1-24.05 -3.72 -1.88
300 21.85 30.30 34.20 32.80 1-10.70 -3.40 -0.70 -2.00 8.58 29.05 31.92 1-24.12 -3.71 -1.88
310 21.40 30.30 34.40 32.90 1-11.15 -3.40 -0.50 -1.90 8.51 29.05 31.92 1-24.19 -3.71 -1.88
320 21.45 30.10 34.30 32.80 1-11.10 -3.60 -0.60 -2.00 8.46 29.05 31.92 1-24.24 -3.71 -1.88
330 21.05 28.70 34.00 32.60 1-11.50 -5.00 -0.90 -2.20 8.41 29.05 31.92 1-24.29 -3.71 -1.88
340 20.45 28.10 33.60 32.10 1-12.10 -5.60 -1.30 -2.70 8.36 29.05 31.92 1-24.34 -3.71 -1.88
350 20.05 29.00 33.70 31.70 1-12.50 -4.70 -1.20 -3.10 8.32 29.05 31.92 1-24.38 -3.71 -1.88
360 20.45 29.10 33.60 31.50 1-12.10 -4.60 -1.30 -3.30 8.29 29.05 31.92 1-24.41 -3.71 -1.88

TABLE A36. Comparison of human upper body segment temperatures (degrees C) from Petapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: male subjects. Actual hand temperature is the mean of both hands.

A-34



NAWCADWAR-93069-60

HUMIAN UJECT No.: 10 SEX: Kate MODEL PREDICTIONS for SUBJECT No.: 10
SUIT: RUKKA 6380 WATER TEOW: 31.37 dig F

TIME FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH

min men right meon right

(Actual temp.) (Change in top.) (Estimated teop.) (Change in temp.)
.... • ............................... . .............. ...................

0 28.70 33.40 33.70 1 0.00 0.00 0.00 35.77 33.00 33.63 0.00 0.00 0.00
10 27.30 31.40 31.60 1 -1.40 -2.00 -2.10 31.96 30.76 31.43 -3.81 -2.24 -2.20
20 26.35 30.00 30.40 1 -2.35 -3.40 -3.30 30.41 29.95 30.53 -5.36 -3.05 -3.10
30 25.00 29.10 29.60 1 -3.70 -4.30 -4.10 29.18 29.30 29.95 -6.59 -3.70 -3.68
40 24.00 28.20 29.00 1 -4.70 -5.20 -4.70 28.18 28.77 29.74 -7.59 -4.23 -3.89
50 23.75 27.40 28.60 1 -4.95 -6.00 -5.10 27.30 28.28 29.73 -8.47 -4.72 -3.90
60 22.00 26.20 28.20 1 -6.70 -7.20 -5.50 26.51 27.82 29.79 -9.26 -5.18 -3.84
70 21.25 25.90 28.40 1 -7.45 -7.50 -5.30 25.80 27.40 29.84 -9.97 -5.60 -3.79
80 21.05 25.60 28.50 1 -7.65 -7.80 -5.20 25.15 27.02 29.87 1-10.62 -5.98 -3.76

90 20.75 25.50 28.40 1 -7.95 -7.90 -5.30 24.54 26.66 29.87 -11.23 -6.34 -3.76
100 20.05 25.20 28.10 1 -8.65 -8.20 -5.60 23.99 26.33 29.86 1-11.78 -6.67 -3.77
110 19.90 25.00 27.90 1 -8.80 -8.40 -5.80 23.48 26.04 29.86 1-12.29 -6.96 -3.77
120 19.35 25.00 27.90 1 -9.35 -8.40 -5.80 23.02 25.76 29.86 1-12.75 -7.24 -3.77
130 18.90 24.90 27.80 I -9.80 -8.50 -5.90 22.59 25.52 29.86 1-13.18 -7.48 -3.77
140 18.60 24.90 27.80 1-10.10 -8.50 -5.90 22.21 25.30 29.86 1-13.56 -7.70 -3.77
150 19.25 24.80 27.50 1 -9.45 -8.60 -6.20 21.85 25.10 29.86 1-13.92 -7.90 -3.77
160 22.05 25.00 27.20 1 -6.65 -8.40 -6.50 21.52 24.93 29.86 1-14.25 -8.07 -3.77
170 23.25 24.90 26.80 1 -5.45 -8.50 -6.90 21.23 24.77 29.86 1-14.54 -8.23 -3.77
180 23.30 24.80 26.50 1 -5.40 -8.60 -7.20 20.95 24.62 29.86 1-14.82 -8.38 -3.77
190 22.15 24.60 26.40 1 -6.55 -8.80 -7.30 20.70 24.49 29.86 1-15.07 -8.51 -3.77
200 21.25 24.50 26.80 -7.45 -8.90 -6.90 20.47 24.37 29.86 1-15.30 -8.63 -3.77
210 21.55 24.10 26.50 -7.15 -9.30 -7.20 20.26 24.26 29.86 1-15.51 -8.74 -3.77
220 21.30 23.90 26.40 -7.40 -9.50 -7.30 20.07 24.16 29.86 1-15.70 -8.84 -3.77
230 23.40 23.70 26.20 -5.30 -9.70 -7.50 19.89 24.07 29.86 1-15.88 -8.93 -3.77
240 22.00 23.60 26.20 -6.70 -9.80 -7.50 19.73 23.99 29.86 1-16.04 -9.01 -3.77
250 22.20 23.50 26.40 -6.50 -9.90 -7.30 19.58 23.91 29.86 1-16.19 -9.09 -3.77
260 22.55 23.30 26.50 -6.15 -10.10 -7.20 19.44 23.84 29.86 1-16.33 -9.16 -3.77
270 22.80 23.30 26.80 1 -5.90 -10.10 -6.90 19.31 23.78 29.86 1-16.46 -9.22 -3.77
280 21.85 23.30 26.50 1 -6.85 -10.10 -7.20 19.20 23.72 29.86 1-16.57 -9.28 -3.77
290 21.70 23.20 26.40 1 -7.00 -10.20 -7.30 19.09 23.67 29.86 1-16.68 -9.33 -3.77
300 20.50 23.10 26.50 1 -8.20 -10.30 -7.20 18.99 23.62 29.86 1-16.78 -9.38 -3.77
310 19.65 23.20 26.70 1 -9.05 -10.20 -7.00 18.90 23.58 29.86 1-16.87 -9.42 -3.77
320 21.75 23.40 26.70 1 -6.95 -10.00 -7.00 18.82 23.54 29.86 1-16.95 -9.46 -3.77
330 22.05 23.60 26.70 1 -6.65 -9.80 -7.00 18.74 23.50 29.86 1-17.03 -9.50 -3.77
340 20.80 23.60 27.00 -7.90 -9.80 -6.70 18.67 23.47 29.86 1-17.10 -9.53 -3.77
350 20.25 23.50 27.10 1 -8.45 -9.90 -6.60 18.61 23.44 29.86 1-17.16 -9.56 -3.77
360 20.45 23.50 27.20 1 -8.25 -9.90 -6.50 18.55 23.41 29.85 1-17.22 -9.59 -3.78

TABLE A37. Comparison of human upper body segment temperatures (degrees C) from Petapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: mate subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

IIMAIN SuBJcT No.: 11 SEX: Nte *MODEL PREDICTIONS for SUSJECT No.: 11
SUIT: RLKA 380 WATER TEMP: 31.37 deg F

TIME MO ARM CHEST LOWER MARO ARM CHEST LOWER HAND ARM CHEST HAND ARM CHEST
min mean right SACK man right BACK

(Actual tep.) (Change in tap.) (Estimated teMp.) (Change in tomp.)
o- ....... . o............................................................ ....................

0 30.90 31.70 34.80 33.70 0.00 0.00 0.00 0.00 32.71 32.75 33.79 1 0.00 0.00 0.00
10 29.80 31.30 34.70 33,30 1 -1.10 -0.70 -0.10 -0.40 27.55 27.76 30.45 1 -5.16 -4.99 -3.34
20 29.00 30.10 34.60 33.30 1 -1.90 -1.60 -0.20 -0.40 25.37 25.97 29.37 1 -7.34 -6.78 -4.42
30 28.20 29-60 34.40 33.10 -2.70 -2.10 -0.40 -0.60 23.58 25.13 29.13 1 -9.13 -7.62 -4.66
40 28.05 29.40 34.40 32.90 -2.85 -2.30 -0.40 -0.80 22.01 24.86 29.25 1-10.70 -7.89 -4.54
50 26.65 29.10 34.00 32.20 -4.25 -2.60 -0.80 -1.50 20.60 24.73 29.35 1-12.11 -8.02 -4.4"
60 25.65 29.M0 33.70 31.70 -5.25 -2.60 -1.10 -2.00 19.31 24.70 29.44 1-13.40 -8.05 -4.35
70 25.25 29.10 33.70 31.20 -5.65 -2.60 -1.10 -2.50 18.16 24.74 29.50 1-14.55 -8.01 -4.29
80 24.35 29..0 33.40 30.80 1 -6.55 -2.30 -1.40 -2.90 17.14 24.82 29.55 1-15.57 -7.93 -4.24
90 24.10 29.!0 33.30 30.20 1 -6.80 -2.60 -1.50 -3.50 16.21 24.91 29.56 1-16.50 -7.84 -4.23

100 23.95 29.30 33.10 29.70 1 -6.95 -2.70 -1.70 -4.00 15.38 25.00 29.57 1-17.33 -7.75 -4.22
110 23.55 28.50 32.90 29.00 1-7.35 -2.90 -1.90 -4.70 14.65 25.08 29.56 1-18.06 -7.67 -4.23
120 22.70 29.20 33.10 28.70 1 -8.20 -2.50 -1.70 -5.00 13.98 25.16 29.55 1-18.73 -7.59 -4.24
130 22.60 28.90 33.20 28.40 1 -8.30 -2.80 -1.60 -5.30 13.39 25.23 29.54 1-19.32 -7.52 -4.25
140 22.05 28.40 32.60 28.10 1 -8.85 -3.30 -2.20 -5.60 12.86 25.30 29.53 1-19.85 -7.45 -4.26
150 21.75 28.40 32.20 27.80 1 -9.15 -3.30 -2.60 -5.90 12.38 25.35 29.51 1-20.33 -7.40 -4.28
160 21.45 27.70 32.50 27.40 1 -9.45 -4.00 -2.30 -6.30 11.95 25.39 29.50 1-20.76 -7.36 -4.29
170 20.25 27.00 32.00 26.50 1-10.65 -4.70 -2.80 -7.20 11.57 25.43 29.49 1-21.14 -7.32 -4.30
180 19.75 26.30 32.40 26.20 1-11.15 -5.40 -2.40 -7.50 11.23 25.46 29.48 1-21.48 -7.29 -4.31
190 19.40 26.40 32.30. 25.80 1-11.50 -5.30 -2.50 -7.90 10.93 25.48 29.47 1-21.78 -7,27 -4.32
200 19.30 26.30 31.30 25.40 1-11.60 -5.40 -3.00 -8.30 10.65 25.50 29.46 1-22.06 -7.25 -4.33
210 18.95 26.50 31.60 24.90 1-11.95 -5.20 -3.20 -8.80 10.41 25.52 29.45 1-22.30 -7.23 -4.34
220 19.15 26.20 31.50 24.40 1-11.75 -5.50 -3.30 -9.30 10.19 25.53 29.45 1-22.52 -7.22 -4.34
230 19.15 26.30 31.90 23.90 1-11.75 -5.40 -2.90 -9.80 9.99 25.54 29.44 1-22.72 -7.21 -4.35
240 18.80 26.30 31.90 23.30 1-12.10 -5.40 -2.90 -10.43 9.82 25.55 29.44 1-22.89 -7.20 -4.35
250 18.80 26.10 31.80 22.00 1-12.10 -5.60 -3.00 -11.70 9.66 25.56 29.43 1-23.05 -7.19 -4.36
260 19.05 26.40 31.80 .19.60 1-11.85 -5.30 -3.00 -14.10 9.52 25.56 29.43 1-23.19 -7.19 -4.36
270 19.20 26.70 31.80 18.90 1-11.70 -5.00 -3.00 -14.80 9.39 25.57 29.42 1-23.32 -7.18 -4.37
280 19.65 26.40 31.80 18.50 1-11.25 -5.30 -3.00 -15.20 9.28 25.57 29.42 1-23.43 -7.18 -4.37
290 19.35 26.30 32.10 18.30 1-11.55 -5.40 -2.70 -15.40 9.18 25.58 29.42 1-23.53 -7.17 -4.37
300 19.20 26.20 31.90 18.00 1-11.70 -5.50 -2.90 -15.70 9.09 25.58 29.41 1-23.62 -7.17 -4.38
310 19.25 26.20 32.20 17.00 1-1165 -5.50 -2.60 -16.70 9.01 25.58 29.41 1-23.70 -7.17 -4.38
320 18.75 25.90 31.90 16.20 j-II.15 -5.80 -2.90 -17.50 8.94 25.58 29.41 1-23.77 -7.17 -4.38
330 19.00 25.90 32.00 16.00 I-11.?0 -5.80 -2.80 -17.70 8.87 25.58 29.41 1-23.84 -7.17 -4.38
340 18.75 25.50 32.00 15.60 1-12.15 -6.20 -2.80 -18.10 8.81 25.58 29.40 1-23.90 -7.17 -4.39
350 19.10 26.30 32.20 15.80 1-11.80 -5.40 -2.60 -17.90 8.76 25.58 29.40 1-23.95 -7.17 -4.39
360 19.20 25.40 32.20 14.90 1-11.70 -6.30 -2.60 -18.80 8.71 25.58 29.40 1-24.00 -7.17 -4.39

TABLE A38. Comparison of human upper body segment temperatures (degrees C) from PeLapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: mate subjects. Actuat hand temperature is the mean of both hands.
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NAWCADWAR-93069-60

IHIMAN SUBJECT No.: 11 SEX: Kai* NMOEL PREDICTIONS for SIUJECT No.: 11
SUIT: IUCA 8380 WATER TElP: 31.37 dig F

TIME FOOT CALF TNIGN FWOT CALF THIGH FOOT CALF TNIGN I FWOT CALF TNIGH
min men right nwa right I

(Actual tmp.) (Change in top.) (Estiusted temp.) (Change in tofp.)
............................................................. .....................

0 28.30 29.30 29.90 0.00 0.00 0.00 35.78 32.96 33.61 0.00 0.00 0.00
10 26.65 27.20 27.70 -1.65 -2.10 -2.20 32.01 29.29 29.43 -3.77 -3.69 -4.18
20 26.45 26.30 26.70 -1.85 -3.00 -3.20 30.45 28.34 28.22 -5.33 -4.64 -5.39
30 26.10 25.50 25.80 -2.20 -3.80 -4.10 29.28 27.68 27.53 -6.50 -5.30 -6.08
40 26.70 25.40 25.70 -1.60 -3.90 -4.20 28.30 27.13 27.11 -7.48 -5.85 -6.50
50 25.00 24.30 24.90 -3.30 -5.00 -5.00 27.44 26.63 26.80 -8.34 -6.35 -6.81
60 24.55 23.80 24.60 -3.75 -5.50 -5.30 26.66 26.16 26.56 -9.12 -6.82 -7.05
70 24.30 23.30 24.40 -4.00 -6.00 -5.50 25.96 25.73 26.37 -9.82 -7.25 -7.24
80 24.05 22.70 24.20 -4.25 -6.60 -5.70 25.31 25.33 26.22 1-10.47 -7.65 -7.39
90 24.25 22.10 23.70 -4.05 -7.20 -6.20 24.70 24,94 26.10 1-11.08 -8.04 -7.51

100 24.30 21.80 23.50 -4.00 -7.50 -6.40 24.15 24.59 26.00 1-11.63 -8.39 -7.61
110 22.55 21.30 23.30 -5.75 -8.00 -6.60 23.63 24.26 25.92 1-12.15 -8.72 -7.69
120 21.45 21.10 23.10 -6.85 -8.20 -6.80 23.14 23.94 25.85 1-12.64 -9.04 -7.76
130 20.60 20.80 22.90 -7.70 -8.50 -7.00 22.70 23.66 25.79 1-13.08 -9.32 -7.82
140 19.25 20.40 22.70 -9.05 -8.90 -7.20 22.29 23.39 25.75 1-13.49 -9.59 -7.86
150 19.60 20.20 22.60 -8.70 -9.10 -7.30 21.90 23.14 25.71 -13.88 -9.84 -7.90
160 19.65 20.00 22.50 1 -8.65 -9.30 -7.40 21.54 22.92 25.67 1-14.24 -10.06 -7.94
170 18.70 19.30 21.80 1 -9.60 -10.00 -8.10 21.21 22.71 25.65 1-14.57 -10.27 -7.96
180 18.10 19.00 21.70 1-10.20 -10.30 -8.20 20.90 22.52 25.62 1-14.88 -10.46 -7.99
190 17.50 18.80 21.50 1-10.80 -10.50 -8.40 20.61 22.34 25.60 1-15.17 -10.64 -8.01
200 17.45 18.70 21.40 1-10.85 -10.60 -8.50 20.34 22.17 25.58 1-15.44 -10.81 -8.03
210 16.70 18.50 21.50 1-11.60 -10.80 -8.40 20.09 22.02 25.57 1-15.69 -10.96 -8.04
220 16.80 18.40 21.60 1-11.50 -10.90 -8.30 19.86 21.88 25.55 1-15.92 -11.10 -8.06
230 16.80 18.40 21.70 1-11.50 -10.90 -8.20 19.65 21.75 25.54 1-16.13 -11.23 -8.07
240 16.75 18.10 22.10 1-11.55 -11.20 -7.80 19.45 21.63 25.53 1-16.33 -11.35 -8.08
250 16.10 18.00 22.00 1-12.20 -11.30 -7.90 19.27 21.53 25.52 1-16.51 -11.45 -8.09
260 15.90 17.90 22.10 1-12.40 -11.40 -7.80 19.09 21.42 25.51 1-16.69 -11.56 -8.10
270 15.95 17.90 22.30 1-12.35 -11.40 -7.60 18.93 21.33 25.50 1-16.85 -11.65 -8.11
280 15.95 17.90 22.50 1-12.35 -11.40 -7.40 18.78 21.24 25.49 1-17.00 -11.74 -8.12
290 15.70 17.80 22.50 1-12.60 -11.50 -7.40 18.65 21.16 25.48 1-17.13 -11.82 -8.13
300 15.55 17.70 22.30 1-12.75 -11.60 -7.60 18.52 21.09 25.48 1-17.26 -11.89 -8.13
310 15.10 17.60 22.20 1-13.20 -11.70 -7.70 18.40 21.02 25.47 1-17.38 -11.96 -8.14
320 15.05 17.80 22.00 1-13.25 -11.50 -7.90 18.29 20.96 25.46 1-17.49 -12.02 -8.15
330 14.85 18.10 21.80 1-13.45 -11.20 -8.10 18.18 20.90 25.46 1-17.60 -12.08 -8.15
340 14.70 18.20 21.60 1-13.60 -11.10 -8.30 18.08 20.84 25.45 1-17.70 -12.14 -8.16
350 14.55 18.50 21.40 1-13.75 -10.80 -8.50 17.99 20.79 25.45 1-17.79 -12.19 -8.16
360 14.60 18.50 21.20 1-13.70 -10.80 -8.70 17.91 20.75 25.4 1-17.87 -12.23 -8.17

TABLE A39. Comparison of human upper body segment temperatures (degrees C) from Petapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-a: male subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 17 SEX: aLoe MODEL PREDICTIONS for SUBJECT No.: 17
SUIT: MUKKA 380 IWATER TEMP: 31.37 dog F

TINE MNo AMN CHEST LONER MAIS AM CHEST LOIER HAND AR14 CHEST HAND AM CHEST
main mean right LAC man right SACm(

(Actual top.) Mchange in tap.) (Estimated temp.) (Change in temp.)
... .............................. .................................................... .....................

0 33.70 33.70 33.80 31.80 0.00 0.00 0.00 0.00 32.71 32.75 33.79 0.00 0.00 0.00
10 31.30 33.20 33.50 31.10 -2..0 -0.50 -0.30 -0.70 27.46 27.96 30.92 -5.25 -4.77 -2.87
20 30.10 33.00 33.90 30.80 -3.60 -0.70 0.10 -1.00 25.23 26.26 29.97 -7.48 -6.49 -3.82
30 29.65 32.30 33.90 30.40 -4.05 -1.40 0.10 -1.40 23.35 25.47 29.74 -9.36 -7.28 -4.05
40 29.50 31.80 33.90 30.20 -4.20 -1.90 0.10 -1.60 21.72 25.53 30.09 1-10.99 -7.22 -3.70
50 29.40 31.80 33.90 29.90 -4.30 .1.90 0.10 -1.90 20.25 25.72 30.32 1-12.46 -7.03 -3.47
60 27.85 31.50 33.90 29.70 -5.85 -2.20 0.10 -2.10 18.92 25.91 30." 1-13.79 -6.84 -3.35
70 26.90 31.30 34.00 29.40 -6.80 -2.40 0.20 -2.40 17.73 26.06 30.48 1-14.98 -6.69 -3.31
80 26.30 30.70 34.00 29.10 -7.40 -3.00 0.20 -2.70 16.66 26.19 30.50 1-16.05 -6.56 -3.29
90 25.50 30.70 33.90 28.60 -8.20 -3.00 0.10 -3.20 15.69 26.30 30.49 1-17.02 -6.45 -3.30

100 25.05 30.20 34.00 28.10 -8.65 -3.50 0.20 -3.70 14.85 26.40 30.49 1-17.86 -6.35 -3.30
110 24.00 30.00 33.80 27.70 -9.70 -3.70 0.00 -4.10 14.10 26.49 30.48 1-18.61 -6.26 -3.31
120 23.25 29.70 33.90 27.30 1-10.45 -4.00 0.10 -4.50 13.42 26.56 30.47 1-19.29 -6.19 -3.32
130 21.65 29.10 33.30 26.90 1-12.05 -4.60 -0.50 -4.90 12.83 26.62 30.46 1-19.88 -6.13 -3.33
140 21.25 28.70 33.70 26.60 1-12.45 -5.00 -0.10 -5.20 12.30 26.66 30.46 1-20.41 -6.09 -3.33
150 20.10 28.40 33.40 26.30 1-13.60 -5.30 -0.40 -5.50 11.83 26.70 30.45 1-20.88 -6.05 -3.34
160 18.50 26.80 33.00 25.90 1-15.20 -6.90 -0.o0 -5.90 11.42 26.73 30.45 1-21.29 -6.02 -3.34
170 19.35 26.40 33.20 25.60 1-14-.35 -7.30 -0.60 -6.20 11.05 26.75 30.44 1-21.66 -6.00 -3.35
180 18.30 26.60 33.10 25.30 1-15.40 -7.10 -0.70 -6.50 10.73 26.77 30.44 1-21.98 -5.98 -3.35
190 17.25 26.70 33.10 25.10 1-16.45 -7.00 -0.70 -6.70 10.40 26.78 30.44 1-22.31 -5.97 -3.35
200 16.95 26.40 33.10 24.70 -16.75 -7.30 -0.70 -7.10 10.18 26.30 30.44 1-22.53 -5.95 -3.35
210 16.60 26.00 32.70 24.00 1-17.10 -7.70 -1.10 -7.80 9.95 26.81 30.44 1-22.76 -5.94 -3.35
220 16.45 25.60 32.60 23.10 1-17.25 -8.10 -1.20 -8.70 9.75 26.82 30.44 1-22.96 -5.93 -3.35
230 16.15 25.30 32.70 22.60 1-17.55 -8.40 -1.10 -9.20 9.58 26.83 30.44 1-23.13 -5.92 -3.35
240 15.60 25.10 32.70 22.40 1-18.10 -8.60 -1.10 -9.40 9.42 26.83 30.44 -23.29 -5.92 -3.35

TABLE A40. Comparison of human upper body segment tsmperatures (degrees C) from PeLapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: male subjects. Actual hand temperature is the mean of both hands.
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IUMAN SUMJECT No.: 17 SEX: lote NODEL PIEDICTIONS for SUBJECT No.: 17
SUIT: SCA 5380 WATER TEIP: 31.37 deg F

TINE FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH FOOT CALF THIGH

mfn mean right man right
(Actual top.) (Change in top.) (Estimated tap.) (Change in teop.)

............................................................. .....................
0 29.30 29.80 29.40 0.00 0.00 0.00 35.75 32.96 33.61 0.00 0.00 0.00

10 26.55 28.10 27.50 -2.75 -1.70 -1.90 31.96 29.80 29.57 -3.82 -3.18 -3.74
20 25.75 27.30 26.60 -3.55 -2.50 -2.80 30.40 25.95 25.86 -5.38 -4.03 -4.75
30 24.10 26.30 25.80 -5.20 -3.50 -3.60 29.21 28.29 28.29 -6.57 -4.69 -5.32
40 22.55 25.50 25.20 -6.75 -4.30 -4.20 28.23 27.73 2n.02 -7.55 -5.25 -5.59

50 21.45 24.70 24.80 -7.85 -5.10 -4.60 27.36 27.23 27.84 -8.42 -5.75 -5.77
60 20.60 24.30 24.40 -8.70 -5.50 -5.00 26.58 26.76 27.71 -9.20 -6.22 -5.90
70 19.85 23.70 24.10 -9.45 -6.10 -5.30 25.87 26.33 27.61 -9.91 -6.65 -6.00
80 19.20 23.10 23.80 1-10.10 -6.70 -5.60 25.22 25.93 27.53 1-10.56 -7.05 -6.08
90 18.60 22.70 23.60 1-10.70 -7.10 -5.80 24.61 25.56 27.46 -11.17 -7.42 -6.15

100 17.90 22.20 23.50 1-11.40 -7.60 -5.90 24.06 25.22 27.42 1-11.72 -7.76 -6.19

110 17.30 21.80 23.40 1-12.00 -8.00 -6.00 23.56 24.90 27.38 1-12.22 -8.08 -6.23
120 16.60 21.40 23.30 1-12.70 -8.40 -6.10 23.09 24.62 27.36 1-12.69 -8.36 -6.25
130 16.00 21.40 23.20 1-13.30 -8.40 -6.20 22.66 24.36 27.34 1-13.12 -8.62 -6.27
140 15.40 21.20 23.00 1-13.90 -8.60 -6.40 22.27 24.12 27.32 1-13.51 -8.86 -6.29
150 14.75 21.00 22.80 1-14.55 -8.80 -6.60 21.90 23.90 27.31 -13.88 -9.08 -6.30
160 13.90 20.90 22.70 1-15.40 -8.90 -6.70 21.57 23.71 27.30 1-14.21 -9.27 -6.31
170 13.60 20.90 22.70 1-15.70 -8.90 -6.70 21.26 23.53 27.29 1-14.52 -9.45 -6.32
180 13.25 20.60 22.50 1-16.05 -9.20 -6.90 20.97 23.37 27.28 1-14.51 -9.61 -6.33

190 12.85 20.30 22.40 1-16.45 -9.50 -7.00 20.71 23.22 27.28 1-15.07 -9.76 -6.33
200 12.45 19.90 22.40 1-16.85 -9.90 -7.00 20.47 23.09 27.27 1-15.31 -9.89 -6.34
210 11.90 19.80 22.00 1-17.40 -10.00 -7.40 20.25 22.96 27.26 1-15.53 -10.02 -6.35
220 11.40 19.40 21.90 1-17.90 -10.40 -7.50 20.04 22.85 27.26 1-15.74 -10.13 -6.35
230 11.05 19.00 21.80 1-18.25 -10.80 -7.60 19.86 22.75 27.26 1-15.92 -10.23 -6.35
240 10.65 18.70 21.80 1-18.65 -11.10 -7.60 19.68 22.65 27.25 1-16.10 -10.33 -6.36

TABLE A41. Comparison of human upper body segment temperatures (degrees C) from PeLapu 2 with

Nodel predictions. ActuaL temperatures and change from Initiat temperatures are given.
Data from group P2-u: mate subjects. ActuaL foot temperature is the mean of both feet.
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HIUMA UBJECT No.: I SEX: Kate N0OEL PREDICTIONS for SUBJECT No.: 1
SUIT: BAYLEY INNERSION WATER TEMP: 32 deg F

TIME UO.LD AM MAM SIOULDER ANN NAMO CHEST ARM HAND CHEST ARM HAND
min right left right Left

(Actual tap.) (Change In tep.) (Estimted top.) (Change in temp.)
...... eue... .. .. .. .. .. ...ee e * *....... .. e ... .. .. . .. .. ......eee ee * e.. **..... ....... .....................

0 34.00 30.40 30.70 0.00 0.00 0.00 33.80 32.75 32.71 0.00 0.00 0.00
5 33.30 29.90 30.50 -0.70 -0.50 -0.20 31.92 29.59 29.11 -1.88 -3.16 -3.60

10 32.80 29.40 29.40 -1.20 -1.00 -1.30 31.40 28.35 27.58 -2.40 -4.40 -5.13
15 32.40 25.90 28.60 -1.60 -1.50 -2.10 31.10 27.48 26.41 -2.70 -5.27 -6.30
20 31.90 28.60 28.00 -2.10 -1.80 -2.70 30.57 26.68 25.36 -3.23 -6.07 -7.35
25 31.50 28.10 27.10 -2.50 -2.30 -3.60 30.18 26.06 24.39 -3.62 -6.69 -8.32
30 31.10 27.90 26.70 -2.90 -2.50 -4.00 30.14 25.74 23.48 -3.66 -7.01 -9.23
33 30.70 27.50 26.30 -3.30 -2.90 -4.40 30.29 25.70 22.64 -3.51 -7.05 -10.07
40 30.40 27.20 26.10 -3.60 -3.20 -4.60 30.51 25.81 21.83 -3.29 -6.94 -10.88
45 30.30 27.60 25.40 -3.70 -2.80 -5.30 30.73 26.03 21.07 -3.07 -6.72 -11.64
50 30.40 27.80 25.20 -3.60 -2.60 -5.50 30.92 26.28 20.36 -2.88 -6.47 -12.35
55 30.80 27.80 24.70 -3.20 -2.60 -6.00 31.05 26.54 19.68 -2.75 -6.21 -13.03
60 31.20 27.90 24.10 -2.80 -2.50 -6.60 31.14 26.77 19.03 -2.66 -5.98 -13.68
65 31.20 27.70 23.30 -2.80 -2.70 -7.40 31.18 26.94 18.42 -2.62 -5.81 -14.29
70 31.20 27.60 22.70 -2.80 -2.80 -8.00 31.20 27.08 17.84 -2.60 -5.67 -14.87
75 31.20 27.60 22.20 -2.80 -2.80 -8.50 31.20 27.19 17.28 -2.60 -5.56 -15.43
80 31.30 27.70 21.30 -2.70 -2.70 -9.40 31.19 27.27 16.77 -2.61 -5.48 -15.94
85 31.40 27.60 21.30 1 -2.60 -2.80 -9.40 31.18 27.34 16.27 -2.62 -5.41 -16.44
"90 31.60 27.50 20.90 1 -2.40 -2.90 -9.80 31.17 27.39 15.30 -2.63 -5.36 -16.91
95 31.40 27.20 20.40 -2.60 -3.20 -10.30 31.16 27.44 15.37 -2.64 -5.31 -17.34

100 31.10 26.70 20.70 -2.90 -3.70 -10.00 31.15 27.48 14.95 -2.65 -5.27 -17.76
105 31.30 26.50 20.80 -2.70 -3.90 -9.90 31.14 27.52 14.56 -2.66 -5.23 -18.15
110 31.30 26.60 21.20 -2.70 -3.80 -9.50 31.14 27.56 14.20 -2.66 -5.19 -18.51
115 31.40 25.80 21.20 -2.60 -4.60 -9.50 31-13 27.59 13.85 -2.67 -5.16 -18.86
120 31.50 25.50 20.80 1 -2.50 -4.90 -9.90 31.12 27.62 13.52 -2.68 -5.13 -19.19
125 31.60 25.10 20.80 1 -2.40 -5.30 -9.90 31.12 27.64 13.22 -2.68 -5.11 -19.49
130 31.70 25.10 21.00 1 -2.30 -5.30 -9.70 31.11 27.66 12.93 1 -2.69 -5.09 -19.78
135 31.80 24.90 20.80 1 -2.20 -5.50 -9.90 31.10 27.68 12.66 1 -2.70 -5.07 -20.05
140 31.70 24.90 20.60 1 -2.30 -5.50 -10.10 31.10 27.70 12.41 1 -2.70 -5.05 -20.30
145 31.70 24.70 19.80 1 -2.30 -5.70 -10.90 31.10 27.71 12.17 1 -2.70 -5.04 -20.54
150 31.60 24.30 19.10 1 -2.40 -6.10 -11.60 31.09 27.73 11.94 -2.71 -5.02 -20.77
155 31.60 24.20 18.40 -2.40 -6.20 -12.30 31.09 27.74 11.73 -2.71 -5.01 -20.98
160 31.70 24.10 18.50 1 -2.30 -6.30 -12.20 31.09 27.75 11.53 -2.71 -5.00 -21.18
165 31.70 24.10 18.20 -2.30 -6.30 -12.50 31.08 27.76 11.34 -2.72 -4.99 -21.37
170 31.80 24.30 18.40 1 -2.20 -6.10 -12.30 31.08 27.77 11.17 -2.72 -4.98 -21.54
175 31.90 24.10 18.00 -2.10 -6.30 -12.70 31.08 27.77 11.00 -2.72 -4.98 -21.71
180 31.60 24.00 17.$ 1 -2.40 -6.40 -13.10 31.08 27.78 10.85 1 -2.72 -4.97 -21.86
185 31.60 24.00 17.60 1 -2.40 -6.40 -13.10 31.08 27.79 10.70 1 -2.72 -4.96 -22.01
190 31.70 23.70 17.00 1 -2.30 -6.70 -13.70 31.08 27.79 10.56 1 -2.72 -4.96 -22.15
195 31.70 23.50 17.10 1 -2.30 -6.90 -13.60 31.08 27.80 10.43 1 -2.72 -4.95 -22.28
200 31.70 23.40 16.70 -2.30 -7.00 -14.00 31.08 27.80 10.31 -2.72 -4.95 -22.40

TABLE A42. Comparison of human shoulder, arm and hand temperatures (degrees C) from Petapu 4 with
Model predictions. Estimates of chest temperature were conpared to human shoulder data.
Actual temperatures and change from initial temperatures are given.
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NiUMA SIJIJECT No.: I SEX: Male MODEL PREDICTIONS for SUBJECT No.. I
SUIT: BAYLEY II4EESION WATER TEMP: 32 deg F
TIME 3iSOM THIGH CALF JAUOMEN THIGH CALF £BMOMEM THIGH CALF IABOOMEN THIGH CALF

min Left Left right Left I
CActual top.) (Change in temp.) (Estimated tamp.) I (Change in temp.)

----------------------------------------------...............................
0 33.40 29.50 31.80 0.00 0.00 0.00 34.75 33.61 32.99 1 0.00 0.00 0.00
5 33.40 28.80 31.30 0.00 -0.70 -0.50 33.35 31.27 31.01 1 -1.40 -2.34 -1.98

10 33.10 28.10 30.70 -0.30 -1.40 -1.10 32.90 30.54 30.43 1 -1.85 -3.07 -2.56
15 32.70 27.50 30.20 -0.70 -2.00 -1.60 32.73 30.04 30.02 1 -2.02 -3.57 -2.97
20 32.20 27.00 29.70 -1.20 -2.50 -2.10 32.20 29.63 29.64 1 -2.55 -3.98 -3.35
25 31.90 26.30 29.30 -1.50 -3.20 -2.50 31.64 29.30 29.28 1 -3.11 -4.31 -3.71
30 31.60 26.20 28.80 -1.80 -3.30 -3.00 31.26 29.09 28.97 1 -3.49 -4.52 -4.02
35 31.30 25.80 28.40 -2.10 -3.70 -3.40 30.99 28.95 28.68 1 -3.76 -4.66 -4.31
40 31.10 25.60 28.20 -2.30 -3.90 -3.60 30.79 28.86 28.41 1 -3.96 -4.75 -4.58
45 31.00 26.40 28.60 -2.40 -3.10 -3.20 30.65 28.81 28.15 -4.10 -4.80 -4.84
50 30.70 26.00 27.90 -2.70 -3.50 -3.90 30.55 28.78 27.91 1 -4.20 -4.83 -5.08
55 30.90 25.70 27.40 -2.50 -3.80 -4.40 30.48 28.76 27.67 1 -4.27 -4.85 -5.32
60 31.00 25.30 27.20 -2.40 -4.20 -4.60 30.42 28.75 27.44 -4.33 -4.86 -5.55
65 30.90 24.80 26.90 -2.50 -4.70 -4.90 30.39 28.73 27.22 1 -4.36 -4.88 -5.77
70 31.10 24.50 26.60 -2.30 -5.00 -5.20 30.36 28.71 27.00 1 -4.39 -4.90 -5.99
75 31.40 24.40 26.20 -2.00 -5.10 -5.60 30.34 28.68 26.80 1 -4.41 -4.93 -6.19
80 31.60 24.20 25.80 -I 1.80 -5.30 -6.00 30.32 28.66 26.60 1 -4.43 -4.95 -6.39
85 31.70 24.10 25.60 1 -1.70 -5.40 -6.20 30.31 28.64 26.41 1 -4.44 -4.97 -6.58
90 31.80 23.70 25.30 1 -1.60 -5.80 -6.50 30.30 28.61 26.23 1 -4.45 -5.00 -6.76
95 31.40 24.10 25.50 1 -2.00 -5.40 -6.30 30.30 28.60 26.05 1 -4.45 -5.01 -6.94.

100 31.70 24.10 25.80 1 -1.70 -5.40 -6.00 30.31 28.58 25.89 -4.44 -5.03 -7.!0
105 31.90 23.90 25.50 1 -1.50 -5.60 -6.30 30.31 28.57 25.73 -4.", -5.04 -7.26
110 31.60 23.90 25.20 1 -1.80 -5.60 -6.60 30.32 28.56 25.58 -4.43 -5.05 -7.41
115 31.60 23.70 24.80 1 -1.80 -5.80 -7.00 30.33 28.55 25.43 -4.42 -5.06 -7.56
120 31.60 23.60 24.50 1 -1.80 -5.90 -7.30 30.35 28.54 25.29 -4.40 -5.07 -7.70
125 31.70 23.50 24.30 1 -1.70 -6.00 -7.50 30.36 28.54 25.17 1 -4.39 -5.07 -7.82
130 31.70 23.50 23.90 1 -1.70 -6.00 -7.90 30.38 28.53 25.04 -4.37 -5.08 -7.95
135 31.80 23.40 23.90 1 -1.60 -6.10 -7.90 30.39 28.52 24.92 1 -4.36 -5.09 -8.07
140 31.70 23.40 23.70 -1.70 -6.10 -8.10 30.41 28.52 24.81 1 -4.34 -5.09 -8.18
145 31.60 23.40 23.50 1 -1.80 -6.10 -8.30 30.42 28.52 24.70 1 -4.33 -5.09 -8.29
150 31.50 23.10 23.40 1 -1.90 -6.40 -8.40 30.43 28.51 24.60 1 -4.32 -5.10 -8.39
155 31.50 23.30 23.40 1 -1.90 -6.20 -8.40 30.45 28.51 24.51 1 -4.30 -5.10 -8.1,8
160 31.40 22.50 23.80 1 -2.00 -7.00 -8.00 30.46 28.50 24.41 1 -4.29 -5.11 -8.58
165 31.50 23.40 24.00 1 -1.90 -6.10 -7.80 30.47 28.50 24.33 1 -4.28 -5.11 -8.66
170 31.60 23.40 23.60 1 -1.80 -6.10 -8.20 30.48 28.50 24.24 1 -4.27 -5.11 -8.75
175 31.70 23.30 23.60 -1.70 -6.20 -8.20 30.49 28.50 24.16 1 -4.26 -5.11 -8.83
180 31.60 23.40 23.20 1 -1.80 -6.10 -8.60 30.50 28.49 24.09 -4.25 -5.12 -8.90
185 31.60 23.50 23.30 1 -1.80 -6.00 -8.50 30.51 28.49 24.02 -4.24 -5.12 -8.97
190 31.60 23.50 22.80 1 -1.80 -6.00 -9.00 30.52 28.49 23.95 1 -4.23 -5.12 -9.04
195 31.50 21.30 22.80 1 -1.90 -8.20 -9.00 30.53 28.49 23.88 1 -4.22 -5.12 -9.11
200 31.50 21.70 22.60 1 -1.90 -7.80 -9.20 30.53 28.49 23.82 1 -4.22 -5.12 -9.17

TABLE A43. Comparison of human abdomen, thigh and calf temperatures (degrees C) from Petapu 4 with

Model predictions. Actual temperatures and change from initial temperatures are given.
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NUNAN SUBJECT No.: 3 SEX: Nale NODEL PREDICTIONS for SUBJECT No.: 3
SUIT: BAYLEY IIMUSION WATER TEMP: 32 deg F

TIME MIOULDER ANN NmAD ISNouLnEE ARN MAwID CHEST ARM HAND I CHEST ARM HAND
min right Left right Left I

(Actual tem.) (Change in too.) (Estimated temp.) I (Change in teop.)
............. .................................................. .....................

0 34.40 30.70 7 0.00 0.00 7 33.80 32.76 32.71 0.00 0.00 0.00
5 33.60 30.00 ? -0.60 -0.70 7 31.88 29.57 29.11 -1.92 -3.19 -3.60

10 33.40 29.50 ? -1.00 -1.20 ? 31.33 28.31 27.58 -2.47 -4.45 -5.13
15 32.70 28.80 ? -1.70 -1.90 7 31.01 27.43 26.42 -2.79 -5.33 -6.29
20 32.10 28.20 7 -2.30 -2.50 ? 30.49 26.64 25.37 -3.31 -6.12 -7.34
25 31.90 27.90 28.20 -2.50 -2.80 0.00 30.12 26.03 24.40 -3.68 -6.73 -8.31
30 31.40 27.50 27.60 -3.00 -3.20 -0.60 30.07 25.71 23.50 -3.73 -7.05 -9.21
35 31.00 27.10 27.00 -3.40 -3.60 -1.20 30.21 25.65 22.68 -3.59 -7.11 -10.03
40 30.70 26.80 26.20 -3.70 -3.90 -2.00 30.42 25.75 21.88 -3.38 -7.01 -10.83
45 30.50 26.50 25.40 -3.90 -4.20 -2.80 30.64 25.94 21.12 -3.16 -6.82 -11.59
50 30.50 26.20 25.00 -3.90 -4.50 -3.20 30.82 26.18 20.42 -2.98 -6.58 -12.29
55 30.40 25.90 24.00 -4.00 -4.80 -4.20 30.95 26.42 19.73 -2.85 -6.34 -12.98
60 30.50 25.70 23.80 -3.90 -5.00 -4.40 31.03 26.63 19.09 -2.77 -6.13 -13.62
65 30.40 25.50 22.20 -4.00 -5.20 -6.00 31.07 26.78 18.49 -2.73 -5.98 -14.22
70 30.30 25.30 21.40 -4.10 -5.40 -6.80 31.08 26.91 17.90 -2.72 -5.85 -14.81
75 30.40 25.00 20.90 -4.00 -5.70 -7.30 31.09 27.01 17.35 -2.71 -5.75 -15.36
80 30.30 24.70 20.50 -4.10 -6.00 -7.70 31.08 27.09 16.84 -2.72 -5.67 -15.87
85 30.40 24.40 20.20 -4.00 -6.30 -8.O 31.08 27.16 16.34 -2.72 -5.60 -16.37
90 30.40 24.30 20.00 1 -4.00 -6.40 -8.20 31.06 27.21 15.88 -2.74 -5.55 -16.83
95 30.50 24.20 19:50 -3.90 -6.50 -8.70 31.05 27.26 15.45 -2.75 -5.50 -17.26

100 30.80 23.90 19.00 -3.60 -6.60 -9.20 31.04 27.30 15.03 -2.76 -5.46 -17.68
105 31.00 23.80 18.50 -3.40 -6.90 -9.70 31.03 27.34 14.64 -2.77 -5.42 -18.07
110 31.10 23.80 18.00 -3.30 -6.90 -10.20 31.02 27.38 14.28 -2.78 -5.38 -18.43
115 31.20 23.80 17.80 -3.20 -6.90 -10.40 31.02 27.41 13.94 -2.78 -5.35 -18.77
120 31.30 23.70 17.80 -3.10 -7.00 -10.40 31.01 27.44 13.61 -2.79 -5.32 -19.10
125 31.20 23.40 16.50 -3.20 -7.30 -11.70 31.00 27.46 13.31 -2.80 -5.30 -19.40
130 31.30 23.30 16.00 -3.10 -7.40 -12.20 30.99 27.49 13.02 -2.81 -5.27 -19.69
135 31.40 23.20 15.80 1 -3.00 -7.50 -12.40 30.99 27.51 12.75 -2.81 -5.25 -19.96
140 31.40 23.20 15.80 1 -3.00 -7.50 -12.40 30.98 27.53 12.50 -2.82 -5.23 -20.21
145 31.60 23.30 15.40 1 -2.80 -7.40 -12.80 30.98 27.54 12.26 -2.82 -5.22 -20.45
150 31.50 23.40 15.00 1 -2.90 -7.30 -13.20 30.97 27.56 12.03 -2.83 -5.20 -20.68

TABLE A44. Comparison of human shoulder, arm and hand temperatures (degrees C) from Petapu 4 with

Model predictions. Estimates of chest temperature were compared to human shoulder data.
Actual temperatures and change from initial temperatures are given.
': Data referenced to first recorded temperature (28.2C).
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HUMAN IMEJECT No.: 3 SEX: Nate NODEL PREDICTIONS for SUBJECT No.: 3
SUIT: 8AYLEY ISIERSIowt WATER YE1W: 32 d"g F

TIME SHOLOE ARM NAND JSB0ULDER AIM NAND- CHEST ARM HAND CHEST ARM HAND
min right Left I right left

(Actual tep.) (Change In top.) (Estimated temp.) (Change in temp.)
...................................... ..................................................-----------

155 31.50 23.40 14.80 -2.90 -7.30 -13.40 30.97 27.57 11.82 -2.83 -5.19 -20.89
160 31.40 23.30 14.80 -3.00 -7.40 -13.40 30.96 27.58 11.62 -2.84 -5.18 -21.09
165 31.30 23.40 14.60 -3.10 -7.30 -13.60 30.96 27.59 11.43 -2.84 -5.17 -21.26
170 31.20 23.50 14.60 -3.20 -7.20 -13.60 30.96 27.60 11.25 -2.84 -5.16 -21.46
175 31.20 23.40 14.60 -3.20 -7.30 -13.60 30.96 27.61 11.08 -2.84 -5.15 -21.63
180 31.30 23.60 14.80 -3.10 -7.10 -13.40 30.95 27.61 10.93 -2.85 -5.15 -21.78
185 31.40 24.10 14.30 -3.00 -6.60 -13.90 30.95 27.62 10.78 -2.85 -5.14 -21.93
190 31.30 24.60 14.10 -3.10 -6.10 -14.10 30.95 27.63 10.64 -2.85 -5.13 -22.07
195 31.10 24.50 14.10 -3.30 -6.20 -14.10 30.95 27.63 10.51 -2.85 -5.13 -22.20
200 31.10 24.50 14.40 -3.30 -6.20 -13.80 30.95 27.64 10.38 -2.85 -5.12 -22.33
205 31.20 24.60 14.20 -3.20 -6.10 -14.00 30.95 27.64 10.27 -2.85 -5.12 -22.44
210 31.30 24.90 13.80 -3.10 -5.80 -14.40 30.95 27.65 10.16 -2.85 -5.11 -22.55
215 31.30 24.80 14.10 -3.10 -5.90 -14.10 30.94 27.65 10.05 -2.86 -5.11 -22.66
220 31.30 24.50 14.00 -3.10 -6.20 -14.20 30.94 27.65 9.96 -2.86 -5.11 -22.75
225 31.40 24.50 14.20 -3.00 -6.20 -14.00 30.94 27.66 9.86 -2.86 -5.10 -22.85
230 31.40 24.30 14.00 -3.00 -6.40 -14.20 30.94 27.66 9.78 -2.86 -5.10 -22.93
235 31.40 24.10 14.30 -3.00 -6.60 -13.90 30.94 27.66 9.70 -2.86 -5.10 -23.01
240 31.40 24.00 14.60 1 -3.00 -6.70 -13.60 30.94 27.67 9.62 -2.86 -5.09 -23.09
245 31.30 23.90 15.00 1 -3.10 -6.80 -13.20 30.94 27.67 9.55 -2.86 -5.09 -23.16
250 31.20 23.80 15.60 1 -3.20 -6.90 -12.60 30.94 27.67 9.48 -2.86 -5.09 -23.23
255 31.30 24.10 1540 -3.10 -6.60 -12.80 30.94 27.67 9.42 -2.86 -5.09 -23.29
260 31.40 24.10 15.80 1 -3.00 -6.60 -12.40 30.94 27.68 9.36 -2.86 -5.08 -23.35
265 31.40 24.10 16.00 -3.00 -6.60 -12.20 30.94 27.68 9.30 -2.86 -5.08 -23.41
270 31.30 24.10 15.80 -3.10 -6.60 -12.40 30.94 27.68 9.25 -2.86 -5.08 -23.46
275 31.30 24.10 15.40 1 -3.10 -6.60 -12.80 30.94 27.68 9.20 -2.86 -5.08 -23.51
280 31.50 24.40 15.00 1 -2.90 -6.30 -13.20 30.94 27.68 9.15 -2.86 -5.08 -23.56
285 31.40 24.30 14.80 -3.00 -6.40 -13.40 30.94 27.68 9.10 -2.86 -5.08 -23.61
290 31.40 24.40 14.80 1 -3.00 -6.30 -13.40 30.94 27.68 9.06 -2.86 -5.08 -23.65
295 31.20 24.40 15.20 1 -3.20 -6.30 -13.00 30.94 27.68 9.02 -2.86 -5.08 -23.69
300 31.20 24.50 16.00 -3.20 -6.20 -12.20 30.94 27.69 8.99 -2.86 -5.07 -23.72

TABLE A44 (con'd). Comparison of human shoulder, arm and hand temperatures (degrees C) from Petapu 4
with Model predictions. Estimates of chest temperature were compared to human shoulder
data. Actual temperatures and change from initial. temperatures are given.
*: Data referenced to first recorded temperature (28.2C).
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NAWCADWAR-93069-60

NUNM SUBJECT go.: 3 SEX: Note MODEL PREDICTIONS for SUBJECT No.: 3
SUIT: BAYLEY IwIERSI©I WATER TEMP: 32 dog F

TIME AIDOEN THIGH CALF IAIOGMEM THIGH CALF AUGI4EN THIGH CALF IABOQIE THIGH CALF
min left left right Left I

(Actual top.) (Change in to.) (Estimted top.) (Change in top.)
........... .............. ......................................................................

0 32.90 32.10 32.30 0.00 0.00 0.00 34.75 33.61 32.99 0.00 0.00 0.00
5 32.50 31.10 31.40 -0.40 -1.00 -0.90 33.34 31.22 30.96 -1.41 -2.39 -2.03

10 32.60 30.30 31.00 -0.30 -1.80 -1.30 32.85 30.47 30.37 -1.90 -3.14 -2.62
15 32.50 29.40 30.40 -0.40 -2.70 -1.90 32.64 29.97 29.96 -2.11 -3.64 -3.03
20 32.30 28.60 29.90 -0.60 -3.50 -2.40 32.13 29.56 29.58 -2.62 -4.05 -3.41
25 32.20 28.10 29.40 -0.70 -4.00 -2.90 31.58 29.23 29.23 -3.17 -4.38 -3.76
30 32.10 27.60 28.90 -0.80 -4.50 -3.40 31.20 29.01 28.92 -3.55 -4.60 -4.07
35 32.00 27.10 28.50 -0.90 -5.00 -3.80 30.93 28.87 28.63 -3.82 -4.74 -4.36
40 31.70 26.7o 28.10 -1.20 -5.40 -4.20 30.73 28.78 28.36 -4.02 -4.83 -4.63
45 31.50 26.30 27.60 -1.40 -5.80 -4.70 30.58 28.71 28.10 -4.17 -4.90 -4.89
50 31.40 25.90 27.30 -1.50 -6.20 -5.00 30.48 28.68 27.86 -4.27 -4.93 -5.13
55 31.10 25.60 26.90 -1.80 -6.50 -5.40 30.40 28.65 27.62 -4.35 -4.96 -5.37
60 31.00 25.30 26.70 -1.90 -6.80 -5.60 30.34 28.63 27.39 -4.41 -4.98 -5.60
65 30.90 25.00 26.30 -2.00 -7.10 -6.00 30.30 28.60 27.17 -4.45 -5.01 -5.82
70 30.90 24.80 26.00 -2.00 -7.30 -6.30 30.26 28.57 26.96 -4.49 -5.04 -6.03
73 30.80 24.60 25.70 -2.10 -7.50 -6.60 30.23 28.55 26.73 -4.52 -5.06 -6.24
80 30.80 24.40 25.50 -2.10 -7.70 -6.80 30.21 28.52 26.55 -4.54 -5.09 -6.44
85 30.70 24.20 25.20 -2.20 -7.90 -7.10 30.20 28.49 26.36 -4.55 -5.12 -6.63
"90 30.50 24.20 24.90 1 -2.40 -7.90 -7.40 30.19 28.47 26.18 1 -4.56 -5.14 -6.81
95 30.40 24.00 24.70 1 -2.50 -8.10 -7.60 30.18 28.45 26.00 1 -4.57 -5.16 -6.99

100 30.50 23.70 24.50 -2.40 -8.40 -7.80 30.18 28.43 25.83 1 -4.57 -5.18 -7.16
105 30.40 23.70 24,30 1 -2.50 -8.40 -8.00 30.19 28.41 25.67 1 -4.56 -5.20 -7.32
110 30.40 23.60 24.10 1 -2.50 -8.50 -8.20 30.19 28.40 25.52 1 -4.56 -5.21 -7.47
115 30.50 23.60 23.90 1 -2.40 -8.50 -8.40 30.20 28.39 25.37 1 -4.55 -5.22 -7.62
120 30.70 23.40 23.70 1 -2.20 -8.70 -8.60 30.21 28.38 25.23 1 -4.54 -5.23 -7.76
125 30.70 23.40 23.50 1 -2.20 -8.70 -8.80 30.23 28.37 25.10 1 -4.52 -5.24 -7.89
130 30.70 23.40 23.40 1 -2.20 -8.70 -8.90 30.24 28.36 24.97 -4.51 -5.25 -8.02
135 30.70 23.40 23.20 -2.20 -8.70 -9.10 30.25 28.36 24.85 -4.50 -5.25 -8.14
140 30.70 23.40 23.00 -2.20 -8.70 -9.30 30.27 28.35 24.74 -4.48 -5.26 -8.25
145 30.90 23.30 22.90 -2.00 -8.80 -9.40 30.28 28.34 24.63 -4.47 -5.27 -8.36
150 30.90 23.40 22.80 -2.00 -8.70 -9.50 30.29 28.34 24.52 -4.46 -5.27 -8.47

TABLE A45. Comparison of human abdomen, thigh and calf temperatures (degrees C) from Petapu 4 with
Model predictions. Actual temperatures and change from initiaL temperatures are given.
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NAWCADWAR-93069-60

IUINA SUBJECT No.: 3 SEX: MaLe MODEL PREDICTIONS for SUBJECT No.: 3
SUIT: BAYLEY IMMERSIoN HATER TEMP: 32 d"e F

TIME AIU EIN THIGH CALF IAIGDOME THIGH CALF ABOMIEN THIGH CALF IABDONEN THIGH CALF
sin Left Left right Left I

(Actual tmp.) (Change fn teop.) (Estimted temp.) (Change in teap.)
........................ .. ............................................... .....................

155 30.90 23.40 22.70 -2.00 -8.70 -9.60 30.30 28.33 24.43 -4.45 -5.28 -8.56
160 31.00 23.30 22.50 -1.90 -8.80 -9.80 30.32 28.33 24.33 -4.43 -5.28 -8.66
165 30.90 23.30 22.40 -2.00 -8.80 -9.90 30.33 28.33 24.24 -4.42 -5.28 -8.75
170 30.90 23.20 22.30 -2.00 -8.90 -10.00 30.34 28.32 24.15 -4.41 -5.29 -8.84
175 31.00 23.20 22.20 -1.90 -8.90 -10.10 30.35 28.32 24.07 -4.40 -5.29 -8.92
180 31.10 23.30 22.10 -1.80 -8.80 -10.20 30.36 28.32 23.99" -4.39 -5.29 -9.00
185 31.30 23.60 22.10 -1.60 -8.50 -10.20 30.37 28.31 23.92 -4.38 -5.30 -9.07
190 31.30 23.60 21.90 -1.60 -8.50 -10.40 30.37 28.31 23.85 -4.38 -5.30 -9.14
195 31.30 23.50 21.80 -1.60 -8.60 -10.50 30.38 28.31 23.78 -4.37 -5.30 -9.21
200 31.30 23.50 21.80 -1.60 -8.60 -10.50 30.39 28.31 23.71 -4.36 -5.30 -9.28
205 31.50 23.50 21.70 -1.40 -8.60 -10.60 30.39 28.30 23.65 -4.36 -5.31 -9.34
210 31.60 23.40 21.60 -1.30 -8.70 -10.70 30.40 28.30 23.59 -4.35 -5.31 -9.40
215 31.80 23.50 21.50 -1.10 -8.60 -10.80 30.41 28.30 23.54 -4.34 -5.31 -9.45
220 31.60 23.60 21.40 -1.30 -8.50 -10.90 30.41 28.30 23.48 -4.34 -5.31 -9.51
225 31.60 23.50 21.30 -1.30 -8.60 -11.00 30.42 28.30 23.43 -4.33 -5.31 -9.56
230 31.60 23.70 21.20 -1.30 -8.40 -11.10 30.42 28.30 23.38 -4.33 -5.31 -9.61
235 31.70 23.80 21.20 -1.20 -8.30 -11.10 30.43 28.29 23.34 -4.32 -5.32 -9.65
240 31.80 23.90 21.10 1 -1.10 -8.20 -11.20 30.43 28.29 23.29 -4.32 -5.32 -9.70
245 31.90 23.80 21.00 -1.00 -8.30 -11.30 30.43 28.29 23.25 1 -4.32 -5.32 -9.74
250 31.90 23.70 21.00 -1.00 -8.40 -11.30 30." 28.29 23.21 1 -4.31 -5.32 -9.78
255 32.10 23.80 20.90 1 -0.80 -8.30 -11.40 30.44 28.29 23.17 1 -4.31 -5.32 -9.82
260 32.20 24.00 20.90 1 -0.70 -8.10 -11.40 30.". 28.29 23.13 1 -4.31 -5.32 -9.86
265 32.30 24.10 21.00 -0.60 -8.00 -11.30 30.45 28.29 23.09 1 -4.30 -5.32 -9.90
270 32.30 24.00 21.10 -0.60 -8.10 -11.20 30.45 28.28 23.06 1 -4.30 -5.33 -9.93
275 32.30 24.00 21.20 -0.60 -8.10 -11.10 30.45 28.28 23.03 1 -4.30 -5.33 -9.96
280 32.20 24.10 21.20 -0.70 -8.00 -11.10 30.45 28.28 23.00 1 -4.30 -5.33 -9.99
285 32.10 24.10 21.10 -0.80 -8.00 -11.20 30.45 28.28 22.96 1 -4.30 -5.33 -10.03
290 32.00 24.30 21.10 -0.90 -7.80 -11.20 30.45 28.28 22.94 1 -4.30 -5.33 -10.05
295 32.00 24.90 21.20 1 -0.90 -7.20 -11.10 30.46 28.28 22.91 -4.29 -5.33 -10.08
300 31.80 25.30 21.20 -1.10 -6.80 -11.10 30.46 28.28 22.88 -4.29 -5.33 -10.11

TABLE A45 (con'd). Comparison of human abdo en, thigh and calf temperatures (degrees C) from Petapu 4
with Model predictions. Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

IU4AN SUBJECT No.: 4 SEX: Mate MODEL PREDICTIONS for SUBJECT No.: 4
SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F

TINE SHOULDER ARM HAND SHOULDER ARM HAND CHEST ARM HAND CHEST ARM HAND
min right left right Left

(Actual temp.) (Change in thwp.) (Estimated temp.) (Change in temp.)

0 32.80 29.80 27.50 0.00 0.00 0.00 33.79 32.76 32.72 1 0.00 0.00 0.00
5 32.30 29.40 27.30 -0.50 -0.40 -0.20 31.40 29.26 29.14 1 -2.39 -3.50 -3.58

10 31.70 28.80 26.70 -1.10 -1.00 -0.80 30.48 27.81 27.16 1 -3.31 -4.95 -5.56
15 31.10 28.30 26.20 -1.70 -1.50 -1.30 29.91 26.81 26.43 1 -3.88 -5.95 -6.29
20 30.50 27.80 25.50 -2.30 -2.00 -2.00 29.41 26.05 25."4 -4.38 -6.71 -7.28
25 30.00 27.40 24.80 -2.80 -2.40 -2.70 29.18 25.51 24.53 1 -4.61 -7.25 -8.19
30 29.50 27.10 24.40 -3.30 -2.70 -3.10 29.17 25.21 23.67 1 -4.62 -7.55 -9.05
35 29.20 26.90 23.80 -3.60 -2.90 -3.70 29.24 25.06 22.89 1 -4.55 -7.70 -9.83
40 28.80 26.60 23.10 -4.00 -3.20 -4.40 29.29 24.94 22.13 1 -4.50 -7.82 -10.59
45 28.40 26.20 22.50 -4.40 -3.60 -5.00 29.35 24.87 21.40 1 -4.44 -7.89 -11.32
50 28.10 25.90 22.00 -4.70 -3.90 -5.50 29.40 24.82 20.73 1 -4.39 -7.94 -11.99
55 27.90 25.60 21.20 -4.90 -4.20 -6.30 29.44 24.80 20.08 1 -4.35 -7.96 -12.64
60 27.60 25.30 20.90 -5.20 -4.50 -6.60 29.49 24.80 19.46 1 -4.30 -7.96 -13.26
65 27.50 25.00 20.30 -5.30 -4.80 -7.20 29.52 24.82 18.88 1 -4.27 -7.94 -13.84
70 27.30 24.70 19.80 -5.50 -5.10 -7.70 29.55 24.85 18.32 1 -4.24 -7.91 -14.40
75 27.20 24.50 19.20 -5.60 -5.30 -8.30 29.57 24.88 17.80 1 -4.22 -7.88 -14.92
80 27.10 24.30 18.60 1 -5.70 -5.50 -8.90 29.59 24.92 17.31 1 -4.20 -7.84 -15.41
85 27.10 24.10 17.90 1 -5.70 -5.70 -9.60 29.60 24.97 16.83 1 -4.19 -7.79 -15.89
90 27.10 24.00 17.60 -5.70 -5.80 -9.90 29.60 25.01 16.39 1 -4.19 -7.75 -16.33
95 27.10 23.80 17.40 -5.70 -6.00 -10.10 29.60 25.06 15.97 1 -4.19 -7.70 -16.75

100 27.20 23.60 17.00 1 -5.60 -6.20 -10.50 29.60 25.10 15.57 1 -4.19 -7.66 -17.15
105 27.20 23.50 16.90 1 -5.60 -6.30 -10.60 29.60 25.14 15.19 1 -4.19 -7.62 -17.53
110 27.30 23.30 16.80 1 -5.50 -6.50 -10.70 29.59 25.18 14.84 1 -4.20 -7.58 -17.88
115 27.40 23.20 16.80 1 -5.40 -6.60 -10.70 29.59 25.22 14.50 -4.20 -7.54 -18.22
120 27.50 23.00 16.60 1 -5.30 -6.80 -10.90 29.58 25.26 14.18 1 -4.21 -7.50 -18.54
125 27.50 22.80 16.30 1 -5.30 -7.00 -11.20 29.57 25.29 13.88 1 -4.22 -7.47 -18.84
130 27.50 22.70 16.40 1 -5.30 -7.10 -11.10 29.56 25.33 13.60 1 -4.23 -7.43 -19.12
135 27.40 22.60 16.20 1 -5.40 -7.20 -11.30 29.56 25.36 13.32 1 -4.23 -7.40 -19.40
140 27.40 22.60 16.20 1 -5.40 -7.20 -11.30 29.55 25.39 13.07 1 -4.24 -7.37 -19.65
145 27.40 22.50 16.30 1 -5.40 -7.30 -11.20 29.54 25.41 12.83 1 -4.25 -7.35 -19.89
150 27.40 22.40 16.20 1 -5.40 -7.40 -11.30 29.53 25.44 12.60 1 -4.26 -7.32 -20.12

TABLE A46. Comparison of human shoulder, am and hand temperatures (degrees C) from PeLapu 4 with
Model predictions. Estimates of chest temperature were compared to human shoulder data.
Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

HUMAN SUIBJECT No.: 4 SEX: Note MODEL PREDICTIONS for SUBJECT No.: 4
SUIT: BAYLEY IMMERSION WATER TEMP: 32 dog F

TIME SHOULDER ARM HAM ISNMULOER ARM HAND CHEST ARM HAND CHEST ARM HAND

min right teft right teft I
(Actual temp.) I (Change in tmp.) (Estimated temp.) (Change in temp.)

-..--...--..........-.---..-----------......................................-------.---------.....

155 27.50 22.30 16.10 -5.30 -7.50 -11.40 29.53 25.46 12.38 1 -4.26 -7.30 -20.34
160 27.50 22.30 16.10 -5.30 -7.50 -11.40 29.52 25.48 12.18 -4.27 -7.28 -20.54
165 27.40 22.30 16.20 -5.40 -7.50 -11.30 29.51 25.50 11.98 1 -4.28 -7.26 -20.74
170 27.50 22.20 16.10 -5.30 -7.60 -11.40 29.51 25.51 11.80 -4.28 -7.25 -20.92
175 27.50 22.00 16.00 -5.30 -7.80 -11.50 29.50 25.53 11.62 1 -4.29 -7.23 -21.10
180 27.50 21.90 15.90 -5.30 -7.90 -11.60 29.50 25.54 11.66 4.29 -7.22 -21.26
185 27.50 21.90 15.80 -5.30 -7.90 -11.70 29.49 25.55 11.30 1 -4.30 -7.21 -21.42
190 27.50 21.90 15.70 -5.30 -7.90 -11.80 29.49 25.56 11.16 1 -4.30 -7.20 -21.56
195 27.50 22.00 15.50 -5.30 -7.80 -12.00 29.48 25.57 11.01 1 -4.31 -7.19 -21.71
200 27.50 22.00 15.60 -5.30 -7.80 -11.90 29.48 25.58 10.88 1 -4.31 -7.18 -21.84
205 27.40 21.90 15.60 -5.40 -7.90 -11.90 29.47 25.59 10.76 1 -4.32 -7.17 -21.96
210 27.40 22.00 15.30 -5.40 -7.80 -12.20 29.47 25.59 10.64 -4.32 -7.17 -22.08
215 27.40 21.90 15.70j -5.40 -7.90 -11.80 29.47 25.60 10.53 1 -4.32 -7.16 -22.19
220 27.30 21.90 15.70 -5.50 -7.90 -11.80 29."6 25.61 10.42 1 -4.33 -7.15 -22.30
225 27.40 22.10 15.60 -5.40 -7.70 -11.90 29."6 25.61 10.32 1 -4.33 -7.15 -22.40
230 27.30 22.10 15.30 -5.50 -7.70 -12.20 29.46 25.62 10.23 1 -4.33 -7.14 -22.49
235 27.30 21.70 15.60 1 -5.50 -8.10 -11.90 29.45 25.62 10.14 -4.34 -7.14 -22.58
240 27.20 21.70 15.40 1 -5.60 -8.10 -12.10 29.45 25.62 10.05 -4.34 -7.14 -22.67
245 27.20 21.60 15.50 1 -5.60 -8.20 -12.00 29.45 25.63 9.97 -4.34 -7.13 -22.75
250 27.10 21.50 15.40 1 -5.70 -8.30 -12.10 29.45 25.63 9.90 -4.34 -7.13 -22.82
255 27.10 21.50 15.50 -5.70 -8.30 -12.00 29.44 25.63 9.82 -4.35 -7.13 -22.90
260 27.00 21.40 15.60 1 -5.80 -8.40 -11.90 29.44 25.64 9.76 -4.35 -7.12 -22.96
265 27.00 21.30 15.50 1 -5.80 -8.50 -12.00 29.44 25.64 9.69 -4.35 -7.12 -23.03
270 27.00 21.40 15.40 1 -5.80 -8.40 -12.10 29.64 25.64 9.63 -4.35 -7.12 -23.09
275 26.90 21.40 15.20 9 -5.90 -8.40 -12.30 29.44 25.64 9.57 1 -4.35 -7.12 -23.15
280 26.90 21.40 15.20 1 -5.90 -8.40 -12.30 29.43 25.64 9.52 1 -4.36 -7.12 -23.20
285 26.90 21.10 15.10 -5.90 -8.70 -12.40 29.43 25.65 9.47 -4.36 -7.11 -23.25
290 26.90 20.90 15.10 1 -5.90 -8.90 -12.40 29.43 25.65 9.62 1 -4.36 -7.11 -23.30
295 26.80 20.90 15.10 -6.00 -8.90 -12.40 29.43 25.65 9.37 -4.36 -7.11 -23.35
300 26.80 20.90 15.30 1 -6.00 -8.90 -12.20 29.43 25.65 9.33 1 -4.36 -7.11 -23.39

TABLE A46 (con'd). Comparison of human shoulder, arm and hand temperatures (degrees C) from Pelapu 4

with Model predictions. Estimates of chest temperature were compared to human shoulder
data. Actuat temperatures and change from initiat temperatures are given.
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NAWCADWAR-93069-60

NIIMlA MIJECT No.: 4 SEX: Note NODEL PREDICTIONS for SUWJECT No.: 4
SUIT: BAYLEY INmNRSION WATER TENP: 32 dg F

TIN AIDOIEN THIGH CALF MABOGW THIGH CALF ANGEH THIGH CALF IAgDONME THIGH CALF
mwn Left left right Left I

(Actual temp.) (Change In temp.) (Estimated temp.) I (Change in tmp.)
...........-.--....-..--....-.-............................................................... ......

0 32.40 32.10 32.60 0.00 0.00 0.00 34.75 33.61 32.98 1 0.00 0.00 0.00
5 31.90 30.80 31.70 -0.50 -1.30 -0.90 33.21 30.60 30.20 1 -1.54 -3.01 -2.78

10 31.60 30.10 31.20 -0.80 -2.00 -1.40 32.39 29.48 29.34 1 -2.36 -4.13 -3.64
15 31.30 29.60 30.80 -1.10 -2.50 -1.80 31.84 28.78 28.81 1 -2.91 -4.83 -4.17
20 30.90 29.00 30.40 -1.50 -3.10 -2.20 31.24 28.28 28.40 1 -3.51 -5.33 -4.58
25 30.60 28.60 29.90 -1.80 -3.50 -2.70 30.76 27.89 28.05 1 -3.99 -5.72 -4.93
30 30.30 28.20 29.80 -2.10 -3.90 -2.80 30.38 27.60 27.75 1 -4.37 -6.01 -5.23
35 29.90 27.70 29.10 -2.50 -4.40 -3.50 30.09 27.37 27.47 1 -4.66 -6.24 -5.51
40 29.60 27.30 28.70 -2.80 -4.80 -3.90 29.83 27.18 27.20 1 -4.92 -6.43 -5.78
45 29.20 26.90 28.30 -3.20 -5.20 -4.30 29.62 27.01 26.95 1 -5.13 -6.60 -6.03
50 28.90 75.50 27.90 -3.50 -5.60 -4.70 29.4 26.87 26.71 -5.31 -6.74 -6.27
55 28.70 26.20 27.50 -3.70 -5.90 -5.10 29.28 26.75 26.48 -5.47 -6.86 -6.50
60 28.50 25.90 27.10 -3.90 -6.20 -5.50 29.15 26.63 26.25 -5.60 -6.98 -6.73
65 28.20 25.60 26.80 -4.20 -6.50 -5.80 29.03 26.54 26.03 -5.72 -7.07 -6.95
70 28.10 25.30 26.40 -4.30 -6.80 -6.20 28.93 26.45 25.82 -5.82 -7.16 -7.16
75 27.90 25.10 26.00 -4.50 -7.00 -6.60 28.84 26.37 25.61 -5.91 -7.24 -7.37
80 27.80 24.80 25.60 -4.60 -7.30 -7.00 28.77 26.30 25.42 -5.98 -7.31 -7.56
85 27.70 24.70 25.20 1 -4.70 -7.40 -7.40 28.70 26.24 25.23 1 -6.05 -7.37 -7.75
90 27.60 24.50 24.90 1 -4.80 -7.60 -7.70 28.64 26.18 25.04 1 -6.11 -7.43 -7.94
95 27.60 24.40 24.50 -4.80 -7.70 -8.10 28.59 26.13 24.86 1 -6.16 -7.48 -8.12

100 27.60 24.40 24.10 1 -4.80 -7.70 -8.50 28.55 26.08 24.69 1 -6.20 -7.53 -8.29
105 27.60 24.60 23.70 1 -4.80 -7.50 -8.90 28.52 26.04 24.52 1 -6.23 -7.57 -8.46
110 27.60 24.70 23.40 1 -4.80 -7.40 -9.20 28.49 26.00 24.36 1 -6.26 -7.61 -8.62
115 27.50 24.80 23.10 1 -4.90 -7.30 -9.50 28.46 25.96 24.20 1 -6.29 -7.65 -8.78
120 27.60 24.90 22.80 j -4.80 -7.20 -9.80 28.4. 25.93 24.05 1 -6.31 -7.68 -8.93
125 27.60 25.00 22.50 1 -4.80 -7.10 -10.10 28.42 25.90 23.90 1 -6.33 -7.71 -9.08
130 27.60 25.10 22,20 1 -4.80 -7.00 -10.40 28.41 25.87 23.76 1 -6.34 -7.74 -9.22
135 27.50 25.20 22.00 1 -4.90 -6.90 -10.60 28.40 25.84 23.63 1 -6.35 -7.77 -9.35
140 27.50 25.30 21.80 1 -4.90 -6.80 -10.80 28.39 25.82 23.50 1 -6.36 -7.79 -9.48
145 27.60 25.40 21.60 1 -4.80 -6.70 -11.00 28.39 25.80 23.37 1 -6.36 -7.81 -9.61
150 27.50 25.50 21.50 1 -4.90 -6.60 -11.10 28.39 25.78 23.25 1 -6.36 -7.83 -9.73

TABLE A47. Comparison of human abdomen, thigh and calf temperatures (degrees C) from Petapu 4 with
Hodet predictions. ActuaL temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

HIUMAN SUBJECT l6o.: 4 SEX: Male N0OEL PREDICTIONS for SUBJECT No.: 4.
SUIT: BAYLEY IMMERSION WATER TEMP: 32 d"g F

TINE ANUONEN THIGH CALF JABOO4EN THIGH CALF AIOXMEN THIGH CALF JABDOMEN THIGH CALF
min Left Left right Left I

(Actual tomp.) (Change in temp.) (Estlmted temp.) (Change in temp.)
. ...... .3 .. ......................................... . ....................

155 27.50 25.60 21.30 -4.90 -6.50 -11.30 28.38 25.76 23.14 -6.37 -7.85 -9.84
160 27.50 25.60 21.30 j-4.90 -6.30 -11-30 25.38 25.75 23.03 I-6.37 -7.86 -9.95
165 27.50 25.70 21.30 -4.90 -6.40 -11.30 28.39 25.73 22.92 -6.36 -7.88 -10.06
170 27.30 25.70 21.10 -5.10 -6.40 -11.50 28.39 25.72 22.82 -6.36 -7.89 -10.16
175 27.20 25.80 21.00 -5.20 -6.30 -11.60 28.39 25.70 22.72 -6.36 -7.91 -10.26
180 27.20 5.90 21.10 -5.20 -6.20 -11.50 28.39 25.69 22.63 -6.36 -7.92 -10.35
185 27.20 25.90 21.00 -5.20 -6.20 -11.60 28.40 25.68 22.54 -6.35 -7.93 -10.64
190 27.10 25.90 21.10 -5.30 -6.20 -11.50 28.40 25.67 22.45 -6.35 -7.94 -10.53
195 27.10 25.90 21.10 -5.30 -6.20 -11.50 28.40 25.66 22.37 -6.35 -7.95 -10.61
200 27.10 25.80 21.00 -5.30 -6.30 -11.60 28.41 25.65 22.29 -6.34 -7.96 -10.69
205 27.20 25.80 20.90 -5.20 -6.30 -11.70 28.41 25.64 22.21 -6.34 -7.97 -10.77
210 27.10 25.80 20.80 -5.30 -6.30 -11.80 28.41 25.63 22.13 -6.34 -7.98 -10.85
215 27.10 25.80 20.80 -5.30 -6.30 -11.80 28.42 25.63 22.07 -6.33 -7.98 -10.91
220 27.00 25.70 21.10 -5.40 -6.40 -11.50 28.42 25.62 22.00 -6.33 -7.99 -10.98
225 27.20 25.50 21.30 -5.20 -6.60 -11.30 28.43 25.61 21.93 -6.32 -8.00 -11.05
230 27.40 25.40 21.40 -5.00 -6.70 -11.20 28.43 25.61 21.87 -6.32 -8.00 -11.11
235 27.30 25.30 21.20 -5.10 -6.80 -11.40 28.43 25.60 21.81 -6.32 -8.01 -11.17
240 27.20 25.40 21.20 1 -5.20 -6.70 -11.40 28.44 25.59 21.75 -6.31 -8.02 -11.23
245 27.20 25.40 21.20 1 -5.20 -6.70 -11.40 28.44 25.59 21.70 1 -6.31 -8.02 -11.28
250 27.10 25.40 21.20 1 -5.30 -6.70 -11.40 28.44 25.58 21.64 -6.31 -8.03 -11.34
255 27.10 25.40 21.30 1 -5.30 -6.70 -11.30 28.44 25.58 21.59 -6.31 -8.03 -11.39
260 27.10 25.40 21.40 1 -5.30 -6.70 -11.20 28.45 25.57 21.54 1 -6.30 -8.04 -11.44
265 27.10 25.40 21.50 1 -5.30 -6.70 -11.10 28.45 25.57 21.49 1 -6.30 -8.04 -11.49
270 27.10 25.40 21.40 I -5.30 -6.70 -11.20 28.45 25.56 21.45 1 -6.30 -8.05 -11.53
275 27.00 25.30 21.40 1 -5.40 -6.80 -11.20 28.45 25.56 21.40 1 -6.30 -8.05 -11.58
280 27.00 25.20 21.70 1 -5.40 -6.90 -10.90 28.45 25.55 21.36 1 -6.30 -8.06 -11.62
285 26.90 25.30 21.60 1 -5.50 -6.80 -11.00 28.46 25.55 21.32 1 -6.29 -8.06 -11.66

290 26.80 25.20 21.70 1 -5.60 -6.90 -10.90 28.46 25.55 21.28 1 -6.29 -8.06 -11.70
295 26.80 25.20 21.80 1 -5.60 -6.90 -10.80 28..6 25.54 21.25 1 -6.29 -8.07 -11.73
300 26.80 25.10 21.80 1 -5.60 -7.00 -10.80 28.46 25.54 21.21 1 -6.29 -8.07 -11.77

TABLE A47 (con'd). Comparison of human abdomen, thigh and calf temperatures (degrees C) from Petapu 4
with Model predictions. Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

NIAM SUBJECT No.: 2 SoX: Fmle NODEL PREDICTIONS for SUBJECT Mo.: 2

SUIT: BAYLEY INSERSION WATER TEMP: 32 dig F

TIME SHOULMER ARN MANo ISNOULDER ARM HAND CHEST ARM HAND CHEST ARM HAND

ain right teft right left

(Actual top.) (Change In top.) (Estimated temp.) (Change in temp.)
.... . ... . ................ . ........................-......................---... .......................

0 33.70 33.20 30.90 0.00 0.00 0.00 33.79 32.75 32.70 0.00 0.00 0.00

5 33.10 32.80 30.00 -0.60 -0.40 -0.90 31.35 29.19 29.04 -2.44 -3.56 -3.66

10 32.30 32.10 29.90 -1.40 -1.10 -1.00 30.86 27.86 27.54 -2.93 -4.89 -5.16

15 31.60 31.60 29.30 -2.10 -1.60 -1.60 30.21 26.81 26.29 -3.58 -5.94 -6.41

20 31.00 31.10 28.60 -2.70 -2.10 -2.30 29.62 26.01 25.22 -4.17 -6.74 -7.18

25 30.60 30.60 27.60 -3.10 -2.60 -3.30 29."4 25.53 24.22 -4.35 -7.22 -8.48

30 30.10 29.80 26.80 -3.60 -3.40 -4.10 29.54 25.37 23.29 -4.25 -7.38 -9.41

35 30.00 29.40 25.70 -3.70 -3.80 -5.20 29.68 25.36 22.44 -4.11 -7.39 -10.26

40 29.80 28.90 24.30 -3.90 -4.30 -6.60 29.77 25.35 21.61 -4.02 -7.40 -11.09

45 29.90 29.40 24.10 -3.80 -3.80 -6.80 29.84 25.36 20.84 -3.95 -7.39 -11.86

50 29.70 29.50 23.70 -4.00 -3.70 -7.20 29.89 25.37 20.13 -3.90 -7.38 -12.57

55 29.50 29.80 22.40 -4.20 -3.40 -8.50 29.93 25.39 19.44 -3.86 -7.36 -13.26

60 29.30 29.20 22.20 -4.40 -4.00 -8.70 29.96 25.43 18.79 -3.83 -7.32 -13.91

65 29.10 28.30 21.00 -4.60 -4.90 -9.90 29.98 25.47 18.18 -3.81 -7.28 -14.52

70 28.90 28.30 20.20 -4.80 -4.90 -10.70 30.00 25.51 17.60 -3.79 -7.24 -15.10

75 28.70 27.60 20.10 -5.00 -5.60 -10.80 30.02 25.57 17.04 -3.77 -7.18 -15.66

80 28.70 27.20 19.20 -5.00 -6.00 -11.70 30.04 25.62 16.53 -3.75 -7.13 -16.17

85 28.60 27.20 19.00 -5.10 -6.00 -11.90 30.05 25.67 16.03 -3.74 -7.08 -16.67

90 28.60 26.90 17.70 1 -5.10 -6.30 -13.20 30.05 25.72 15.56 -3.74 -7.03 -17.14

95 28.60 26.20 17.20 -5.10 -7.00 -13.70 30.06 25.77 15.13 1 -3.73 -6.98 -17.57

100 28.80 26.30 16.80 -4.90 -6.90 -14.10 30.07 25.82 14.70 1 -3.72 -6.93 -18.00

105 28.80 26.10 15.90 1 -4.90 -7.10 -15.00 30.07 25.86 14.31 1 -3.72 -6.89 -18.39

110 28.80 26.10 15.60 1 -4.90 -7.10 -15.30 30.07 25.89 13.95 1 -3.72 -6.86 -18.75

115 28.80 25.90 15.80 1 -4.90 -7.30 -15.10 30.08 25.93 13.60 -3.71 -6.82 -19.10

120 28.70 25.70 15.50 1 -5.00 -7.50 -15.40 30.08 25.96 13.27 -3.71 -6.79 -19.43

125 28.60 25.30 15.00 1 -5.10 -7.90 -15.90 30.08 25.98 12.98 1 -3.71 -6.77 -19.72

130 28.40 25.00 14.80 -5.30 -8.20 -16.10 30.08 26.01 12.69 1 -3.71 -6.74 -20.01

135 28.20 24.40 14.50 -5.50 -8.80 -16.40 30.08 26.03 12.42 1 -3.71 -6.72 -20.28

140 28.30 24.00 14.00 -5.40 -9.20 -16.90 30.08 26.05 12.17 1 -3.71 -6.70 -20.53

145 28.40 23.70 14.30 -5.30 -9.50 -16.60 30.09 26.07 11.94 -3.70 -6.68 -20.76

150 28.50 23.30 14.00 -5.20 -9.90 -16.90 30.09 26.08 11.72 1 -3.70 -6.67 -20.98

TABLE A48. Comparison of human shoulder, arm and hand temperatures (degrees C) from Petapu 4 with

Model predictions. Estimates of chest temperature were compared to human shoulder data.

Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

IHNAN SIJECT No.: 2 SEX: FmmiLe MODEL PREDICTIONS for SUSJECT No.: 2
SUIT: BAYLEY iINERSION WATER TEMP: 32 deg F

TIME SNHULDE, ARM HAND SHOULDER ARM MIO CHEST ARM HAND CHEST ARM MAND
men right Left right Left

(Actual tamp.) (Change In tamp.) (Estflted top.) (Change in top.)
.............................................................. .....................

155 28.90 23.10 13.70 -4.80 -10.10 -17.20 30.09 26.10 11.51 -3.70 -6.65 -21.19
160 28.90 23.10 13.70 -4.80 -10.10 -17.20 30.09 26.11 11.32 -3.70 -6.64 -21.38
165 29.10 23.20 14.00 -4.60 -10.00 -16.90 30.09 26.12 11.13 -3.70 -6.63 -21.57
170 29.10 22.90 13.60 -4.60 -10.30 -17.30 30.09 26.13 10.97 -3.70 -6.62 -21.73
175 29.20 22.70 13.70 -4.50 -10.50 -17.20 30.10 26.14 10.81 -3.69 -6.61 -21.89
180 29.20 23.10 13.60 -4.50 -10.10 -17.30 30.10 26.15 10.66 -3.69 -6.60 -22.04
185 29.20 22.90 13.30 -4.50 -10.30 -17.60 30.10 26.15 10.52 -3.69 -6.60 -22.18
190 29.20 22.80 13.00 -4.50 -10.40 -17.90 30.10 26.16 10.39 -3.69 -6.59 -22.31
195 29.20 22.70 12.80 --4.50 -10.50 -18.10 30.10 26.17 10.26 -3.69 -6.58 -22.44

200 29.20 22.40 12.80 -4.50 -10.80 -18.10 30.10 26.17 10.15 -3.69 -6.58 -22.55
205 29.10 22.30 12.60 -4.60 -10.90 -18.30 30.11 26.18 10.04 -3.68 -6.57 -22.66
210 29.20 22.60 12.80 -4.50 -10.60 -18.10 30.11 26.18 9.94 -3.68 -6.57 -22.76
215 29.20 22.70 12.90 -4.50 -10.50 -18.00 30.11 26.19 9.84 -3.68 -6.56 -22.86
220 29.00 22.40 13.00 -4.70 -10.80 -17.90 30.11 26.19 9.75 -3.68 -6.56 -22.95
225 28.90 22.10 13.20 -4.80 -11.10 -17.70 30.11 26.20 9.67 -3.68 -6.55 -23.03
230 28.80 21.90 12.90 -4.90 -11.30 -18.00 30.11 26.20 9.59 -3.68 -6.55 -23.11
235 29.00 21.60 12.60 -4.70 -11.60 -18.30 30.11 26.20 9.52 -3.68 -6.55 -23.18
240 29.10 21.50 12.80 -4.60 -11.70 -18.10 30.11 26.21 9.45 -3.68 -6.54 -Z3.25
245 29.30 21.30 12.60 1 -4.40 -11.90 -18.30 30.12 26.21 9.39 -3.67 -6.54 -23.31
250 29.30 21.10 12.70 1 -4.40 -12.10 -18.20 30.12 26.21 9.33 1 -3.67 -6.54 -23.37
255 29.20 21.30 12.50 1 -4.50 -11.90 -18.40 30.12 26.21 9.27 1 -3.67 -6.54 -23.43
260 29.30 21.20 12.70 -4.40 -12.00 -18.20 30.12 26.22 9.22 1 -3.67 -6.53 -23.48
265 29.30 21.40 12.60 1 -4.40 -11.80 -18.30 30.12 26.22 9.17 1 -3.67 -6.53 -23.53
270 29.30 21.50 13.10 1 -4.40 -11.70 -17.80 30.12 26.22 9.12 1 -3.67 -6.53 -23.58
275 29.50 21.50 12.90 -4.20 -11.70 -18.00 30.12 26.22 9.08 1 -3.67 -6.53 -23.62
280 29.40 21.30 12.80 1 -4.30 -11.90 -18.10 30.12 26.22 9.03 1 -3.67 -6.53 -23.67

285 29.30 21.10 12.90 1 -4.40 -12.10 -18.00 30.12 26.22 9.00 1 -3.67 -6.53 -23.70
290 29.50 20.90 12.50 -4.20 -12.30 -18.40 30.12 26.23 8.96 1 -3.67 -6.52 -23.74
295 29.60 21.30 12.40 1 -4.10 -11.90 -18.50 30.12 26.23 8.93 -3.67 -6.52 -23.77
300 29.70 21.40 12.30 -4.00 -11.80 -18.60 30.12 26.23 8.89 -3.67 -6.52 -23.81

TABLE A48 (con~d). Comparison of human shoulder, am and hand temperatures (degrees C) from Petapu 4

with Model predictions. Estimates of chest temperature were compared to human shoulder
data. Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-9369-60

NIUMi USJICT No.: 2 SEX: Fmle NOEL PIEDICTIOMS for SUBJECT No.: 2
WIT: BAILEY INNSIOU tATER TOIP: 32 d" F
TIM AIMONEI THIGH CALF IANOCM THIGH CALF MIOGE THIGH CALF IGMXIEN THIGH CALF
min Left left right Left I

(Actual temp.) (Change in tep.) (Estimated temp.) I (ChaOge in temp.)

0 35.90 31.40 29.90 0.00 0.00 0.00 34.75 33.61 32.96 0.00 0.00 0.00
5 35.80 31.10 29.70 -0.10 -0.30 -0.20 33.18 30.53 30.11 -1.57 -3.08 -2.87

10 36.00 30.90 29.30 0.10 -0.50 -0.60 32.86 29.42 29.25 -1.89 -4.19 -3.73
15 35.80 30.60 28.70 -0.10 -0.80 -1.20 32.33 28.68 28.67 -2.42 -4.93 -4.31
20 35.60 30.20 28.10 -0.30 -1.20 -1.80 31.60 28.14 28.23 -3.15 -5.47 -4.75
25 35.50 29.90 27.60 -0.40 -1.50 -2.30 31.04 27.72 27.85 -3.71 -5.89 -5.13
30 35.40 29.60 27.20 -0.50 -1.80 -2.70 30.62 27.45 27.52 -4.13 -6.16 -5.46
35 35.30 29.30 26.80 -0.60 -2.10 -3.10 30.31 27.25 27.23 -4.4" -6.36 -5.75
40 35.20 28.80 26.40 -0.70 -2.60 -3.50 30.05 27.08 26.96 -4.70 -6.53 -6.02
45 35.20 28.50 26.10 -0.70 -2.90 -3.80 29.84 26.94 26.70 -4.91 -6.67 -6.28
50 35.10 28.30 25.70 -0.80 -3.10 -4.20 29.67 26.83 26.45 -5.08 -6.78 -6.53
55 35.00 28.00 25.40 -0.90 -3.40 -4.50 29.52 26.72 26.21 -5.23 -6.89 -6.77
60 34.90 27.70 25.10 -1.00 -3.70 -4.80 29.40 26.64 25.99 -5.35 -6.97 -6.99
65 34.80 27.70 24.70 -1.10 -3.70 -5.20 29.30 26.56 25.77 -5.45 -7.05 -7.21
70 34.70 27.50 24.40 -1.20 -3.90 -5.50 29.21 26.50 25.56 -5.54 -7.11 -7.42
75 34.70 27.50 24.10 -1.20 -3.90 -5.80 29.14 26.45 25.36 -5.61 -7.16 -7.62
80 34.60 27.60 23.80 1 -1.30 -3.80 -6.10 29.08 26.40 25.18 -5.67 -7.21 -7.80
85 34.60 27.60 23.60 1 -1.30 -3.80 -6.30 29.03 26.36 24.99 -5.72 -7.2S -7.99
90 34.50 27.20 23.30 1 -1.40 -4.20 -6.60 28.99 26.33 24.82 1 -5.76 -7.28 -8.16
95 34.30 27.80 23.00 -1.60 -.? 30 -6.90 28.96 26.30 24.66 -5.79 -7.31 -8.32

100 34.30 27.70 22.70 -1.60 -3.70 -7.20 28.94 26.28 24.50 1 -5.81 -7.33 -8.48
105 34.20 27.60 22.40 -1.70 -3.80 -7.30 28.92 26.26 24.35 -5.83 -7.35 -8.63
110 34.20 27.50 22.10 1 -1.70 -3.90 -7.80 28.91 26.24 24.21 -5.84 -7.37 -8.77
115 34.10 27.40 21.90 1 -1.80 -4.00 -8.00 28.90 26.23 24.07 -5.85 -7.38 -8.91
120 34.10 27.40 21.70 1 -1.80 -4.00 -8.20 28.90 26.21 23.94 -5.85 -7.40 -9.04
125 34.10 27.40 21.50 1 -1.80 -4.00 -8.40 28.89 26.20 23.82 -5.86 -7.41 -9.16
130 34.10 27.60 21.30 1 -1.80 -3.80 -8.60 28.90 26.19 23.70 -5.85 -7.42 -9.28
135 34.10 27.60 21.10 1 -1.80 -3.80 -8.80 28.90 26.18 23.59 -5.85 -7.43 -9.39

140 34.10 27.50 20.90 -1.80 -3.90 -9.00 28.90 26.18 23.49 1 -5.85 -7.43 -9.49
145 34.10 27.50 20.70 1 -1.80 -3.90 -9.20 28.91 26.17 23.38 -5.84 -7.44 -9.60
150 34.00 27.50 20.50 1 -1.90 -3.90 -9.40 28.92 26.16 23.29 -5.83 -7.45 -9.69

TABLE A49. Comparison of human abdomen, thigh and calf temperatures (degrees C) from Petapu 4 with

Nod•l predictions. Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

UN" SUEJECT No.: 2 SEX: Fmete NMEL PREDICTIMS for SUBJICT no.: 2
WIT: BAYLEY IMMSION WATER TOMP: 32 deg F

TIME AIDONM THIGI CALF AOWN THIGH CALF AlONEM TOIGN CALF IMMM TMIGH CALF

win Left left I rlgt left I
(Actual too.) I (Change in tem.) (Estimated temp.) (Change in temp.)

........................... ................................................. .....................
155 34. 27.30 20.30 -1.90 -4.10 -9.60 28.92 26.16 23.20 -5.8 -7.45 -9.76
160 34.00 27.30 20.30 -1.90 -4.10 -9.60 28.93 26.15 23.11 -5.82 -T." -9.87

165 33.90 27.10 20.20 -2.00 -4.30 -9.70 28.94 26.15 23.03 -5.81 -7.46 -9.95
170 34.00 26.90 20.00 -1.90 -4.50 -9.90 28.95 26.14 22.95 -5.80 -7.47 -10.03

175 34.00 26.80 20.00 -1.90 -4.60 -9.90 2B.96 26.14 22.87 -5.79 -7.47 -10.11
180 34.10 27.00 19.80 -1.80 -4.40 -10.10 20.96 26.13 22.80 -5.79 -7.48 -10.18
185 34.20 27.00 19.60 -1.70 -4.40 -10.30 28.97 26.13 22.73 -5.78 -7.48 -10.25

190 34.20 27.10 19.50 -1.70 -4.30 -10.40 28.98 26.13 22.67 -5.77 -7.48 -10.31
195 34.20 27.00 19.40 -1.70 -4.40 -10.50 26.99 26.13 22.61 -5.76 -7.48 -10.37
200 34.20 26.90 19.20 -1.70 -4.50 -10.70 2B.99 26.12 22.55 -5.76 -7.49 -10.43
205 34.20 27.10 19.10 -1.70 -4.30 -10.80 29.00 26.12 22.49 -5.75 -7.49 -10.49
210 34.30 27.10 19.00 -1.60 -4.30 -10.90 29.01 26.12 22." -5.74 -7.49 -10.S4
215 34.30 27.00 18.90 -1.60 -4.40 -11.00 29.01 26.12 22.39 -5.74 -7.49 -10.59
220 34.20 25.30 18.80 -1.70 -6.10 -11.10 29.02 26.11 22.34 -5.73 -7.50 -10.6"
225 316.20 26.70 18.80 -1.70 -4.70 -11.10 29.02 26.11 22.29 -5.73 -7.50 -10.69
230. 34.20 26.60 18.80 -1.70 -4.80 -11.10 29.03 26.11 22.25 -5.72 -7.50 -10.73
235 34.20 26.60 18.80 -1.70 -4.80 -11.10 29.04 26.11 22.20 -5.71 -7.50 -10.76
240 34.20 26.30 18.60 -1.70 -5.10 -11.30 29.04 26.11 22.16 -5.71 -7.50 -10.82
245 34.20 26.00 18.70 -1.70 -5.40 -11.20 29.04 26.11 22.12 1 -5.71 -7.50 -10.86
250 34.20 25.60 18.60 -1.70 -5.80 -11.30 29.05 26.10 22.09 -5.70 -7.51 -10.89
255 34.20 25.80 18.70 -1.70 -5.60 -11.20 29.05 26.10 22.05 1 -5.70 -7.51 -10.93
260 34.20 25.60 18.70 1 -1.70 -5.80 -11.20 29.06 26.10 22.02 -5.69 -7.51 -10.96
265 34.30 24.40 18.70 -1.60 -7.00 -11.20 29.06 26.10 21.90 1 -5.69 -7.51 -11.00
270 34.30 25.10 18.60 1 -1.60 -6.30 -11.30 29.06 26.10 21.95 1 -5.69 -7.51 -11.03
275 34.30 25.40 18.60 -1.60 -6.00 -11.30 29.07 26.10 21.92 1 -5.68 -7.51 -11.06
280 34.30 25.40 18.60 1 -1.60 -6.00 -11.30 29.07 26.10 21.89 1 -5.68 -7.51 -11.09
2 34.30 25.10 18.50 -1.60 -6.30 -11.40 29.07 26.10 21.87 -5.68 -7.51 -11.11
290 34.30 25.10 18.50 -1.60 -6.30 -11.40 29.08 26.09 21.84 1 -5.67 -7.52 -11.14
295 34.40 24.70 18.40 -1.50 -6.70 -11.50 29.08 26.09 21.82 1 -5.67 -7.52 -11.16
300 34.50 24.60 18.40 1 -1.40 -6.80 -11.50 29.08 26.09 21.79 -5.67 -7.52 -11.19

TABLE A49 (con'd). Comparison of htman abdomen, thigh and calf temperatures (degrees C) from Petapu 4
with Nodel predictions. Actual temperatures and change from Initial temperatures are given.
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UIMIN SUJECT No.: 5 SEX: Famle NODEL PRIDICTIOCS for SUJECT No.: 5
WIT: M LIEY IN•IRSIOu WATER TENP: 32 deg F

TINE WOUL AN N SmOJLDE ARM HNm CHEST AI4 EMO CHEST ARNMHA
win right Left right Left

(Actual trp.) (Change in teo.) (Estimated tmp.) (Change in trap.)

0 34.30 32.80 30.30 0.00 0.00 0.00 33.80 32.75 32.70 0.00 0.00 0.00
5 33.50 33.00 30.80 -0.80 0.20 0.50 31.86 29.51 29.03 -1.94 -3.24 -3.67

10 33.00 33.10 30.50 -1.30 0.30 0.20 31.72 28.43 27.55 -2.08 -4.32 -5.15
15 32.60 33.30 30.20 -1.70 0.50 -0.10 31.32 27.51 26.33 -2.48 -5.24 -6.37
20 32.10 33.20 29.50 -2.20 0.40 -0.80 30.75 26.68 25.21 -3.05 -6.07 -7.49
25 31.90 33.00 28.80 -2.40 0.20 -1.50 30.34 26.05 24.17 -3.46 -6.70 -8.53
30 31.70 32.80 25.00 -2.60 0.00 -2.30 30.37 25.83 23.21 -3.43 -6.92 -9.49
35 31.30 32.90 27.40 -3.00 0.10 -2.90 30.61 25.93 22.33 -3.19 -6.82 -10.37
40 31.30 32.30 27.40 -3.00 -0.50 -2.90 30.88 26.19 21.48 -2.92 -6.56 -11.22
45 31.50 32.00 27.80 -2.80 -0.80 -2.50 31.33 26.52 20.68 -2.47 -6.23 -12.02
50 31.50 31.60 27.60 -2.80 -1.20 -2.70 31.26 26.83 19.95 -2.54 -5.92 -12.75
55 31.30 31.70 27.00 -3.00 -1.10 -3.30 31.35 27.09 19.25 -2.45 -5.66 -13.45
60 31.10 31.40 26.20 -3.20 -1.40 -4.10 31.39 27.29 18.58 -2.41 -5.46 -14.12
65 31.30 31.30 25.80 -3.00 -1.50 -4.50 31.41 27."4 17.97 -2.39 -5.31 -14.73
70 31.20 31.30 25.20 -3.10 -1.50 -5.10 31.43 27.56 17.38 -2.37 -5.19 -15.32
73 31.10 31.20 26.00 -3.20 -1.60 -4.30 31.43 27.66 16.82 -2.37 -5.09 -15.88
80 31.00 31.00 25.80 1 -3.30 -1.80 -4.50 31.44 27.73 16.31 1 -2.36 -5.02 -16.39
85 31.00 31.10 25.80 1 -3.30 -1.70 -4.50 31.44 27.80 15.81 -2.36 -4.95 -16.89

90 30.90 30.50 25.20 1 -3.40 -2.30 -5.10 31.45 27.85 15.34 -2.35 -4.90 -17.36
95 30.90 30.00 24.60 1 -3.40 -2.80 -5.70 31.45 27.90 14.91 -2.35 -4.85 -17.79

100 31.20 30.10 24.50 1 -3.10 -2.70 -5.80 31.45 27.94 14.49 -2.35 -4.81 -18.21
105 31.20 30.00 23.90 -3.10 -2.80 -6.40 31.45 27.97 14.09 -2.35 -4.78 -18.61
110 31.10 29.50 23.80 1 -3.20 -3.30 -6.50 31.46 28.00 13.72 -2.34 -4.75 -18.98
115 30.90 29.20 24.20 1 -3.40 -3.60 -6.10 31.46 28.02 13.36 1 -2.34 -4.73 -19.34
120 30.80 29.00 24.20 1 -3.50 -3.80 -6.10 31.46 28.04 13.02 1 -2.34 -4.71 -19.68
125 30.90 28.70 23.80 1 -3.40 -4.10 -6.50 31.47 28.06 12.72 1 -2.33 -4.69 -19.98
130 30.90 28.60 22.80 1 -3.40 -4.20 -7.50 31.47 28.07 12.42 -2.33 -4.68 -20.28
135 30.80 28.30 22.70 1 -3.50 -4.50 -7.60 31.48 28.09 12.14 1 -2.32 -4.66 -20.56
140 30.90 28.20 22.50 1 -3.40 -4.60 -7.80 31.48 28.10 11.89 1 -2.32 -4.65 -20.81
145 30.90 28.10 22.20 1 -3.40 -4.70 -8.10 31.48 28.11 11.65 1 -2.32 -4.64 -21.05
150 30.80 27.80 22.00 1 -3.50 -5.00 -8.30 31.49 28.12 11.42 1 -2.31 -4.63 -21.28

TABLE A50. Comparison of human shoulder, arm and hand temeratures (degrees C) from Pelapu 4 with
Nodel predictions. Estimates of chest temperature were compared to human shouLder data.
Actual temperatures and change from initial temperatures are given.

A-S4



NAWCADWAR-93069-60

MAM 9UJECT No.: 5 SEX: Fieml MODEL PREDICTIONS for SUBJECT No.: 5
SUIT: BAYLEY ImMERSIOM WATER TEMP: 32 dog F

TINE SNMUO.Et ARm ANDO ISNOJLDER AN NMAJID CNEST ARM NAND CHEST ARM NAMD
min right left right left I

(Actual tap.) I (Change in top.) (Estimated tep.) (Change in tep.)
......................... . . ........................................................................

155 31.20 27.70 21.80 -3.10 -5.10 -8.50 31.49 28.13 11.21 -2.31 -4.62 -21.49
160 31.30 27.50 21.10 -3.00 -5.30 -9.20 31.50 28.14 11.02 1 -2.30 -4.61 -21.68
165 31.30 27.50 20.90 -3.00 -5.30 -9.40 31.50 28.14 10.83 1 -2.30 -4.61 -21.87
170 31.40 27.40 21.00 -2.90 -5.40 -9.30 31.50 28.15 10.66 1-2.30 -4.60 -22.04
175 31.20 27.50 20.90 -3.10 -5.30 -9.40 31.51 28.16 10.50 1 -2.29 -4.59 -22.20
180 31.00 27.30 20.50 -3.30 -5.50 -9.80 31.51 28.16 10.35 1 -2.29 -4.59 -22.35
185 31.00 27.20 19.90 -3.30 -5.60 -10.40 31.51 28.17 10.21 -2.29 -4.58 -22.49
190 31.00 26.90 19.80 -3.30 -5.90 -10.50 31.52 28.17 10.08 1 -2.28 -4.58 -22.62
195 31.10 26.80 19.70 -3.20 -6.00 -10.60 31.52 28.18 9.96 1 -2.28 -4.57 -22.74
200 31.30 26.80 19.00 -3.00 -6.00 -11.30 31.52 28.18 9.84 1 -2.28 -4.57 -22.86

205 31.40 26.70 18.40 -2.90 -6.10 -11.90 31.53 28.19 9.74 1 -2.27 -4.56 -22.96
210 31.60 26.50 18.20 -2.70 -6.30 -12.10 31.53 28.19 9.64 1 -2.27 -4.56 -23.06
215 31.50 26.10 18.00 -2.80 -6.70 -12.30 31.53 28.19 9.54 1 -2.27 -4.56 -23.16
220 31.50 26.00 17.80 -2.80 -6.80 -12.50 31.53 28.20 9.46 1 -2.27 -4.55 -23.24
225 31.50 25.90 17.20 -2.80 -6.90 -13.10 31.54 28.20 9.37 1 -2.26 -4.55 -23.33
230 31.40 25.80 17.00 -2.90 -7.00 -13.30 31.54 28.20 9.30 1 -2.26 -4.55 -23.40
235 31.40 25.70 16.90 -2.90 -7.10 -13.40 31.54 28.20 9.23 1 -2.26 -4.55 -23.47
240 31.40 25.60 16.80 -2.90 -7.20 -13.50 31.54 28.21 9.16 1 -2.26 -4.54 -23.54
245 31.30 25.90 16.20 -3.00 -6.90 -14.10 31.54 28.21 9.10 -2.26 -4.54 -23.60
250 31.20 25.70 16.00 1 -3.10 -7.10 -14.30 31.54 28.21 9.04 1 -2.26 -4.54 -23.66
255 31.30 25.30 15.80 -3.00 -7.50 -14.50 31.55 28.21 8.99 1 -2.25 -4.54 -23.71
260 31.20 25.80 15.60 -3.10 -7.00 -14.70 31.55 28.21 8.94 1 -2.25 -4.54 -23.76
265 31.20 25.80 15.00 1 -3.10 -7.00 -15.30 31.55 28.22 8.89 1 -2.25 -4.53 -23.81
270 31.20 25.90 14.90 1 -3.10 -6.90 -15.40 31.55 28.22 8.85 1 -2.25 -4.53 -23.85
275 31.20 26.00 14.80 1 -3.10 -6.80 -15.50 31.55 28.22 8.80 1 -2.25 -4.53 -23.90
280 31.20 26.00 14.50 1 -3.10 -6.80 -15.80 31.55 28.22 8.77 1 -2.25 -4.53 -23.93
285 31.30 25.90 14.00 1 -3.00 -6.90 -16.30 31.55 28.22 8.73 1 -2.25 -4.53 -23.97
290 31.30 25.50 13.60 1 -3.00 -7.30 -16.70 31.55 28.22 8.70 1 -2.25 -4.53 -24.00
295 31.40 25.20 13.40 1 -2.90 -7.60 -16.90 31.55 28.22 8.66 1 -2.25 -4.53 -24.04
300 31.50 25.00 13.20 1 -2.80 -7.80 -17.10 31.55 28.23 8.63 1 -2.25 -4.52 -24.07

TABLE ASO (con'd). Comparison of human shoulder, arm and hand temperatures (degrees C) from Pelapu 4

with Model predictions. Estimates of chest temperature were compared to human shoulder
data. Actual temperatures and change from initial temperatures are given.
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IIAHSU JECT No.: 5 SEX: Female MWEL PREDICTIOIS for SUBJECT Mo.: 5
SUIT: BAYLEY ImWmtSIGW WATER TEMP: 32 deg F

TIME AOUNM THIGH CALF IAIBONEN TNIGN CALF AJIOEN TNIGH CALF AIDOWEN THIGH CALF
min left left right left I

(Actual temp.) (Change in top.) (Estimated temp.) (Change In temp.)
"........ --. ----.. --. ------ ,... .... ...............-...-.. -....... .-- -...... ..... .....................

0 33.80 31.00 32.00 0.00 0.00 0.00 34.75 33.61 32.96 0.00 0.00 0.00
5 34.00 30.40 31.50 0.20 -0.60 -0.50 33.32 31.15 30.89 -1.43 -2.46 -2.09

10 34.10 30.00 30.70 0.30 -1.00 -1.30 33.36 30.45 30.35 -1.39 -3.16 -2.63
15 34.10 29.70 30.00 0.30 -1.30 -2.00 33.07 29.94 29.92 -1.68 -3.67 -3.06
20 33.90 29.30 29.50 0.10 -1.70 -2.50 32.52 29.52 29.52 -2.23 -4.09 -3.46
25 33.70 28.80 29.00 -0.10 -2.20 -3.00 31.86 29.19 29.15 -2.89 -4.42 -3.83
30 33.40 28.50 28.50 -0.40 -2.50 -3.50 31.44 29.00 28.82 -3.31 -4.61 -4.16
35 32.90 27.80 27.80 -0.90 -3.20 -4.20 31.17 28.91 28.54 -3.58 -4.70 -4.44
40 32.90 27.20 27.50 -0.90 -3.80 -4.50 30.98 28.86 28.26 -3.77 -4.75 -4.72
45 32.50 26.80 27.00 -1.30 -4.20 -5.00 30.85 28.85 28.00 -3.90 -4.76 -4.98
50 32.40 26.50 26.80 -1.40 -4.50 -5.20 30.77 28.86 27.75 -3.98 -4.75 -5.23
55 32.10 26.20 26.10 -1.70 -4.80 -5.90 30.71 28.86 27.51 -4.04 -4.75 -5.47
60 32.00 25.90 25.90 -1.80 -5.10 -6.10 30.67 28.86 27.29 -4.08 -4.75 -5.69
65 31.90 25.50 25.50 -1.9o -5.50 -6.50 30.64 28.86 27.08 -4.11 -4.75 -5.90
70 31.80 25.30 25.00 -2.00 -5.70 -7.00 30.62 28.86 26.87 -4.13 -4.75 -6.11
75 31.50 25.20 24.80 1 -2.30 -5.80 -7.20 30.61 28.85 26.68 -4.14 -4.76 -6.30
80 31.4 25.10 24.30 1 -2.40 -5.90 -7.70 30.61 28.85 26.50 -4.14 -4.76 -6.48
85 31.30 25.00 24.00 I -2.50 -6.00 -8.00 30.62 28.85 26.33 1 -4.13 -4.76 -6.65
90 31.10 25.00 23.90 1 -2.70 -6.00 -8.10 30.63 28.85 26.17 -4.12 -4.76 -6.81
95 31.00 25.10 23.40 1 -2.80 -5.90 -8.60 30.65 28.85 26.02 1 -4.10 -4.76 -6.96

100 30.90 25.20 23.50 -2.90 -5.80 -8.50 30.66 28.85 25.87 1 -4.09 -4.76 -7.11
105 30.90 25.50 23.30 -2.90 -5.50 -8.70 30.68 28.86 25.74 1 -4.07 -4.75 -7.24
110 30.80 25.40 23.00 1 -3.00 -5.60 -9.00 30.70 28.86 25.61 1 -4.05 -4.75 -7.37
115 30.90 25.30 23.00 1 -2.90 -5.70 -9.00 30.72 28.86 25.49 1 -4.03 -4.75 -7.49
120 30.90 25.20 23.10 1 -2.90 -5.80 -8.90 30.74 28.86 25.38 1 -4.01 -4.75 -7.60
125 31.00 25.10 23.10 -2.80 -5.90 -8.90 30.76 28.86 25.27 1 -3.99 -4.75 -7.71
130 31.10 25.30 23.00 1 -2.70 -5.70 -9.00 30.78 28.86 25.17 1 -3.97 -4.75 -7.81
135 31.10 25.30 22.90 1 -2.70 -5.70 -9.10 30.80 28.86 25.08 1 -3.95 -4.75 -7.90
140 31.00 25.40 22.90 1 -2.80 -5.60 -9.10 30.82 28.87 24.99 1 -3.93 -4.74 -7.99
145 31.00 25.30 22.90 1 -2.80 -5.70 -9.10 30.83 28.87 24.90 1 -3.92 -4.74 -8.08

150 30.90 25.40 23.00 1 -2.90 -5.60 -9.00 30.85 28.87 24.82 1 -3.90 -4.74 -8.16

TABLE A51. Comparison of human abdomen, thigh and calf temperatures (degrees C) from Pelat" 4 with
Nodet predictions. Actual temperatures and change from initial temperatures are given.
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HIUMN SUBJECT No.: 5 SEX: Femle MODEL PREDICTIONS for SUBJECT Mo.: 5
SUIT: TAYLEY IMMERSION WATER TEMP: 32 deg F

TINE MABCMEN THIGH CALF JAIOMEN THIGH CALF ABOOMEN THIGH CALF IAIDOMEH THIGH CALF

-min Left Left i right Left I
(Actual top.) I (Change in tap.) CEstimated tap.) (Change in top.)

......... .................................... ....................... ....................

155 31.20 25.60 23.00 -2.60 -5.40 -9.00 30.86 28.87 24.75 -3.89 -4.74 -8.23
160 31.30 25.80 23.20 -2.50 -5.20 -8.80 30.87 28.87 24.67 -3.88 -4.74 -8.31
165 31.20 26.20 23.40 -2.60 -4.80 -8.60 30.89 28.87 24.60 -3.86 -4.74 -8.38
170 31.00 26.50 23.50 -2.80 -4.50 -8.50 30.90 28.87 24.54 -3.85 -4.74 -8.44
173 30.90 26.90 23.50 -2.90 -4.10 -8.50 30.91 28.87 24.48 -3.84 -4.74 -8.50

180 30.90 27.00 23.40 -2.90 -4.00 -8.60 30.92 28.88 24.42 -3.83 -4.73 -8.56
185 31.00 27.30 23.50 -2.80 -3.70 -8.50 30.93 28.88 24.37 -3.82 -4.73 -8.61
190 31.20 27.20 23.50 -2.60 -3.80 -8.50 30.94 28.88 24.31 -3.81 -4.73 -8.67
195 31.30 27.10 23.60 -2.50 -3.90 -8.40 30.95 28.88 24.26 -3.80 -4.73 -8.72
200 31.40 27.20 23.70 -2.40 -3.80 -8.30 30.96 28.88 24.22 -3.79 -4.73 -8.76

205 31.60 28.50 23.90 -2.20 -2.50 -8.10 30.96 28.88 24.17 -3.79 -4.73 -8.81
210 31.80 28.20 24.00 -2.00 -2.80 -8.00 30.97 28.88 24.13 -3.78 -4.73 -8.85

215 31.80 27.70 23.90 -2.00 -3.30 -8.10 30.98 28.88 24.09 -3.77 -4.73 -8.89
220 31.90 27.30 23.80 -1.90 -3.70 -8.20 30.98 28.88 24.05 -3.77 -4.73 -8.93
225 31.80 27.00 23.70 -2.00 -4.00 -8.30 30.99 28.88 24.01 -3.76 -4.73 -8.97
230 31.80 27.10 23.70 -2.00 -3.90 -8.30 30.99 28.88 23.97 -3.76 -4.73 -9.01
235 31.90 27.00 23.60 -1.90 -4.00 -8.40 31.00 28.88 23.94 -3.75 -4.73 -9.04
240 32.10 26.80 23.40 1 -1.70 -4.20 -8.60 31.00 28.88 23.91 -3.75 -4.73 -9.07
245 32.20 26.70 23.20 1 -1.60 -4.30 -8.80 31.00 28.88 23.88 1 -3.75 -4.73 -9.10
250 32.30 26.70 23.10 J -1.50 -4.30 -8.90 31.01 28.88 23.85 -3.74 -4.73 -9.13
255 32.30 26.80 23.10 1 -1.50 -4.20 -8.90 31.01 28.88 23.82 -3.74 -4.73 -9.16
260 32.50 26.90 23.00 1 -1.30 -4.10 -9.00 31.02 28.88 23.79 1 -3.73 -4.73 -9.19
265 32.50 26.80 23.00 1 -1.30 -4.20 -9.00 31.02 28.88 23.77 -3.73 -4.73 -9.21
270 32.60 26.70 22.90 1 -1.20 -4.30 -9.10 31.02 28.88 23.74 1 -3.73 -4.73 -9.24
275 32.90 26.70 22.90 1 -0.90 -4.30 -9.10 31.02 28.88 23.72 1 -3.73 -4.73 -9.26

280 33.00 26.50 23.00 1 -0.80 -4.50 -9.00 31.03 28.88 23.70 1 -3.72 -4.73 -9.28
285 32.90 26.30 23.00 1 -0.90 -4.70 -9.00 31.03 28.88 23.68 1 -3.72 -4.73 -9.30
290 33.00 26.20 23.10 -0.80 -4.80 -8.90 31.03 28.88 23.66 1 -3.72 -4.73 -9.32
295 33.00 26.20 23.10 1 -0.80 -4.80 -8.90 31.03 28.88 23.64 1 -3.72 -4.73 -9.34
300 33.00 26.10 23.10 1 -0.80 -4.90 -8.90 31.04 28.88 23.62 1 -3.71 -4.73 -9.36

TABLE A51 (con'd). Comparison of human abdomen, thigh and calf temperatures (degrees C) from Petapu 4
with ModeL predictions. Actual temperatures and change from initial temperatures are given.
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